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Predatism by the Adult Hymenopterous Parasite 
and Its Role in Biological Control! 


Sranuey E. Fuanpers, Department of Biological Control, University of California Citrus 
Experiment Station, Riverside 


In the parasitic Hymenoptera para- 
sitization is a function only of the imma- 
ture stages, the adult being the stage of 
reproduction and of dissemination of the 
species. In many species, however, the 
adults are unable to reproduce to their 
full capacity without feeding on the body 
fluids of their hosts. This is not so much 
a matter of prolonging the life of the fe- 
male as it is of supplying proteins needed 
for oogenesis (Doten 1911). 

In this type of Hymeaoptera the newly 
emerged female may or may not have ripe 
eggs in the ovary. According to DeBach 
(Moursi 1946), newly emerged females of 
Mormoniella_ vitripennis, a parasite of 
housefly puparia, contain ripe eggs but 
oviposit only after host-feeding. The pres- 
ent writer has observed that newly 
emerged females of Aphytis sp. parasitic 
on Lepidosaphes beckwvi ordinarily oviposit 
before host-feeding. However, if withheld 
from their host for a week at 80° F., the 
Aphytis females oviposit only after host- 
feeding. Newly emerged females of Meta- 
phycus helvolus parasitic on Saissetia spp. 
do not contain ripe eggs, yet oviposition 
often occurs before host-feeding. 

Host-feeding by the female indicates 
that oogenesis is about to begin or is al- 
ready under way. The cessation of host- 
feeding in the presence of hosts indicates 
that oogenesis has ceased. This was dem- 
onstrated by the writer (Flanders 1935) 
with alfalfa weevil parasites Peridesmia 
phytonomi, Spintherus sp., and Dibrachor- 
des sp. In the newly emerged female of 
Peridesmia phytonomi, host-feeding does 
not begin until the first oocyte equals in 
size the body of nurse cells attached to it. 

If Metaphycus helvolus is withheld from 
its host for 3 weeks at 80° F., oogenesis 


ceases from lack of protein. When placed 
with its host, the female immediately 
starts feeding upon it, and three days 
later begins to oviposit. Dissection of the 
species shows that when the number of 
fully formed ripe eggs within a female is 
four or less, host-feeding precedes oviposi- 
tion (Flanders 1942b). The host-feeding 
female alternately deposits eggs on or in 
the host and sucks up the host fluids 
through ovipositor punctures in the host’s 
derm, the behavior of the female when us- 
ing the ovipositor for obtaining food being 
quite distinct from her behavior when us- 
ing it for egg deposition (Flanders 1942b). 

It is significant that the habit of using 
the ovipositor as a trophic mechanism is 
usually, if not always, associated with the 
habit of using it to multilate the viscera 
of the host (Flanders 195la). Hosts “de- 
stroyed by mutilation are generally 
smaller than those suitable for receiving 
parasitic eggs. The unmated female of 
Coccophagus ochraceus How. does not 
host-feed, yet prior to depositing an egg 
under a host she apparently mutilates its 
viscera. The mutilation habit may have 
been the first step in the evolutionary 
development of the habit of host-feeding 
by the parasite adult, since it is usually a 
prerequisite for such feeding. Mutilation 
is not limited to the host species itself but 
extends to any hymenopterous parasite 
inhabiting the host. 

Host-feeding and host mutilation on 
the part of the female parasite constitute 
a form of predatism. Such predatism ap- 
pears to be limited to species of Hymen- 
optera having eggs considerably greater in 
diameter than the ovipositor through 


1 Paper No. 761, University of California Citrus Experiment 
Station Riverside, California. 
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which they pass, species which oviposit 
either in or adjacent to their hosts, and 
in which ovigenesis and ovisorption are 
synchronous processes (Flanders 1950). 
Predatism by hymenopterous adults is 
unknown in species which store their eggs 
in the oviducts, which require immersion 
of the egg in the body fluids of the host 
in order to complete embryonic develop- 
ment, and in which males and females 
differ in their host relations. 

It is noteworthy that in 18 species of 
mealybug parasites (aphelinids, encyrtids, 
platygasterids) propagated by the writer, 
predatism has never been observed. It is 
significant that a number of these mealy- 
bug parasites are very successful in giving 
commercial control to their hosts. 

In species of the chalcidoid genus 
Metaphycus parasitic on soft-scale in- 
sects, host-feeding occurs in varying de- 
grees, being highly developed in M. hel- 
volus (Comp.) and absent in M. stanleyi 
Comp. Nevertheless, the writer has ob- 
served that in the reduction of black scale 
infestations in the field M. stanleyi may 
be as effective as M. helvolus. Host-feeding 
apparently is not so well developed in 
M. luteolus (Timb.) as in M. helvolus, yet 
the former is more effective in holding its 
host species (Coccus hesperidum L.) at low 
densities. 

With parasites of hosts that produce a 
honeydew attractive to ants, the habit of 
host-feeding by the female adult parasites 
is # distinct handicap to their reproduc- 
tion, since the activity of the ants in 
gathering the honeydew interferes with 
such feeding and thus hinders optimum 
oogenesis (Flanders 1951b). The process 
of host-feeding requires a longer time than 
oviposition; consequently, a species that 
host-feeds suffers more from ant activity. 

Errect OF PREDATISM ON THE Host 
PopuLaTion.—It has been assumed (De- 
Bach 1943; Flanders 1941, 1942a; John- 
ston 1915) that predatism on the part 
of the adult hymenopterous parasites, is 
always beneficial from the standpoint 
of biological control. Such an assumption 
may be unwarranted, however, since the 
beneficial results appear to be limited to 
the reduction of host population, not to 
the maintenance of the parasite at low 
densities. 

Theoretically, a host population under 
control by a parasitic species character- 
ized by host-feeding adults would exhibit 
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oscillations of greater amplitude than it 
would under control by a species not so 
characterized. However, a newly intro- 
duced predatory parasite may bring a 
pest population under control long before 
it reduces the pest population to a density 
at which host-feeding inhibits reproduc- 
tion of the parasite. Host-feeding would 
not be detrimental to biological control if 
the population oscillations occur below 
the economic zero. 

It is by the destruction of host indi- 
viduals in excess of the average seasonal 
population that the effective parasite 
maintains its host population at a more or 
less uniform level. The maintenance of 
the host population at a noneconomic 
level is an effect of the high searching 
‘apacity of the parasite, enabling it to 
exist at a relatively low host density 
(Flanders 1947). As pointed out by Smith 
(1937), this capacity results from two 
peculiarities of insect parasites: (1) the 
limitation of development to a single host 
individual, and (2) the discovery of the 
individual host by the gravid female. 

It can logically be assumed that a 
greater number of hosts per individual 
parasite would be needed to maintain an 
effective parasite population when its 
oviposition and power of search are de- 
pendent in part on host-feeding by the 
adult than would be needed if oviposition 
and power of search were not so depend- 
ent. It is self-evident that, lacking any 
counter acting attribute or circumstances, 
the species of natural enemy that is most 
effective in holding its host in check is one 
that requires, for individual development, 
the fewest hosts. 

Since the development of each progeny 
begins within the mother, the hosts con- 
sumed by the mother in order to mature 
her eggs should be charged to the ef- 
ficiency of her offspring: the greater the 
proportion of hosts thus consumed by a 
population, the more inefficient is the 
average individual parasite in maintaining 
a low host population. Apparently, there- 
fore, the species not characterized by host- 
feeding by adult females are most likely 
to be best qualified to maintain their host 
populations at the lowest densities. 

Johnston (1915), in his study of the 
biology of the parasite Tetrastichus aspar- 
agi, stated that the host-feeding habit of 
the adult was evidently as useful in check- 
ing its host as was its parasitic develop- 
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ment, if not more so. Hartley (1922), how- 
ever, observing that the young stages of 
the aphid Myzus persicae killed by the 
host-feeding of Aphelinus semiflavus also 
contained the eggs of the parasite, stated 
that such host-feeding defeats the “prim- 
ary purpose” of parasitism. Field studies 
with the soft-scale parasite Metaphycus 
helvolus show that the proportion of 
parasite-containing hosts destroyed by 
predatism increases with the increase in 
number of the adult parasites, so that the 
production of adults tends to level off in- 
stead of increasing (DeBach 1943). 

According to Nicholson (1933), if some 
parasites are destroyed during develop- 
ment, the “steady density” of the para- 
site species is unaltered, but that of the 
host species is increased and varies in- 
versely as the fraction of parasites that 
escape destruction before maturity. 

The value of parasite predatism is 
therefore affected by the relative abun- 
dance of host and parasite. Observations 
by DeBach (1943) and Flanders (1942b) 
show that the proportion of hosts de- 
stroyed by the predatism of a parasite 
tends to increase (1) with the decrease in 
density of susceptible hosts and (2) with 


the increase in proportion of hosts below 
the size suitable for oviposition. Obvi- 
ously, this tendency is inimical to bio- 


logical control, since it increases the 
number of hosts required to maintain a 
parasite population. 

At low host population densities the 
initial host-feeding activities of the female 
Metaphycus helvolus may so deplete the 
host population that few individuals re- 
main for later reproduction of the para- 
site. It seems obvious that this habit of 
M. helvolus would require a higher mini- 
mum host population for development 
than would be the case otherwise. Under 
laboratory conditions and in the presence 
of false hosts, the searching capacity of a 
parasite such as Mormoniella may be 
greatly reduced, the adult female destroy- 
ing by host-feeding all the true hosts that 
she finds (Flanders 1944b) and thus fail- 
ing to reproduce. This type of predatory 
destruction of the host population thus 
tends to reduce the controlling capacity 
of the parasite population, hosts being 
destroyed that would have served to 
increase its searching capacity. 

At low host populations it is therefore 
more effective to have the mortality the 
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result of parasitization than of predatism. 
Under such conditions the protein re- 
quirements of the parasite are at a mini- 
mum, the eggs produced by a parasite, 
but not deposited, being absorbed, and 
the egg material used to prolong life 
(Flanders 1950). 

If host-feeding per se is detrimental at 
low host densities, the adverse effects 
may be counteracted by factors that in- 
crease the searching capacity of the 
species (Flanders 1947). In Metaphycus 
helvolus, for example, the possible detri- 
mental effect of host-feeding may be 
counteracted by high voltinism (high 
number of parasite generations per host 
generation) or by the capacity of the 
female to undergo phasic castration in the 
prolonged absence of hosts. 

The relative importance of host-feeding 
by the adult parasite, and of parasitiza- 
tion, in the reduction of a host population 
cannot be satisfactorily demonstrated, 
since it is impossible to evaluate these 
activities separately. DeBach (1943) 
found that parasitization of black scale 
by Metaphycus helvolus in the field con- 
stituted 25 per cent of the parasite- 
‘aused mortality. It has also been ob- 
served that when an infestation of yellow 
scale, Aonidiella citrina (Coq.), in the 
field has been reduced by the action of 
Comperiella, only 25 per cent of the mor- 
tality is an effect of parasitization 
(Flanders 1945). The assumption that an 
equally good reduction would not have 
been attained in time by parasitism alone 
has no basis in fact, however, since 
Comperiella bifasciata and Metaphycus 
helvolus may deposit eggs prior to any 
host-feeding (Flanders 1944a, 1942b). 

The host-feeding habit of adult para- 
sites appears, nevertheless, to be of value 
in the reduction of heavy infestations. It 
would also be of value if populations of 
the species were utilized to reduce the 
host population by periodic inundative 
releases, which eliminate from consider- 
ation the continuation of parasite repro- 
duction in the field. 

SumMARY.—The continuous suppres- 
sion of economic pest populations by 
hymenopterous parasites is an effect of 
the reproductive characteristics of the 
latter. With some species and under cer- 
tain conditions, predatism by the adult 
parasite may interfere with reproduction. 
Such a habit tends to increase the ampli- 
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tude of population oscillations of host and nomic damage at relatively low densities, 
parasite, and to increase the rate at which — there is good reason to assume that pre- 
the parasite reduces high host densities. datism by the adult parasite is 
With pest populations that cause eco- detrimental. 
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DR. ROGER SMITH RETIRES 











Dr. Roger C. Smith retired as Head of the Depart- 
ment of Entomology at Kansas State College on 
June 30, 1953, having reached the age of mandatory 
retirement for administrators. He will remain on as 
a full time research member of the Department. Dr. 
Herbert Knutson, formerly Head of the Department 


at the University of Rhode Island and formerly Ad- 
ministrator of the Division of Entomology and Plant 
Industry of the Rhode Island Department of Agri- 
culture & Conservation, has been named his succes- 
sor. 

















The Effects of Some Soil Characteristics on 
DDT Phytotoxicity 


Ricuarp Tuurston, Department of Entomology and Botany, University of Kentucky, 
Lexington 


The chemical stability and insolubility 
in water of DDT has raised the problem 
of phytotoxic residue accumulations of 
DDT in soils where agricultural crops 
have been sprayed or dusted with this in- 
secticide for a number of years. Reports 
by several investigators indicate that the 
problem of DDT residues in soil may be 
as important, if not more so, than the 
problem of arsenical residues in soil has 
been in such regions as South Carolina, 
West Virginia, and the apple growing 
areas of the Pacific Northwest. 

Differences in the phytotoxicity of 
DDT when applied to different soil types 
have been reported. Appleman & Sears 
(1946) found that plants grown in soil 
treated with DDT were not so stunted as 
those grown in sand treated with DDT at 
the same rates. Goldsworthy (1949) found 
no consistent relationship between the 
phytotoxicity of DDT incorporated in 
various soil types and the soil texture. 
Foster (1951) reported that DDT in a 
New Jersey muck soil was much less toxic 
to plants than similar concentrations in 
mineral soils. Another muck soil, contain- 
ing a larger amount of silt and less organic 
matter, was intermediate between the 
New Jersey muck soil and the mineral 
soils in the phytotoxicity of the DDT 
applications. Investigations by the author 
to study the effect of various soil charac- 
teristics on the phytotoxicity of DDT 
were carried on at the New Jersey Agri- 
cultural Experiment Station from 1950 to 
1952 and continued at the Kentucky Ag- 
ricultural Experiment Station. 

PLant Response To DDT in Dirrer- 
ENT Sort Types.—Seven New Jersey soils 
with large variations in~texture and or- 
ganic matter content were used in these 
experiments. Open ended 55-gallon drums 
sunk 28 inches in the ground were used as 
containers. The C horizon, a coarse sandy 
loam of the Sassafras series, was that of 
the field in which the drums were sunk. 
The A and B horizons of each soil were 
kept separate and placed in the cylinders 
in the position that they were taken from 
the various fields. Each horizon had a 


depth of approximately nine inches after 
settling. For each soil type there were 
three replications for the treatment; an 
untreated check, purified DDT at the 
rate of 200 pounds an acre, and technical 
DDT at the rate of 200 pounds an acre. 
The DDT dusts' were scattered on the 
soil surface and thoroughly mixed with 
the top 4 inches of soil on July 7, 1950. 
The pH values of the soils during the 
course of the experiments are given in 
Table 1. The pH values were made more 
alkaline by the addition of varying 
amounts of dolomitic limestone. 

Three harvestings of DDT susceptible 
plant varieties were made. The first plant- 
ing, Stringless Green Pod bush beans, 


Table 1—The pH values of the seven soil 
series in soil cylinders during the period of ex- 
perimentation. 








pH pH pH 
Soin Avueust 28, May 24, OcrToseEr 7, 

SERIES 1950 1951 1951 
Lakewood 4.4 6.3 6.6 
Sassafras 5.6 6.6 6.4 
Nixon 5.7 6.4 6.3 
Norton §.1 6.1 6.5 
Frenau 4.7 5.9 6.4 
Peat 5.0 5.6 6.2 
Neshanic 6.2 6.6 6.6 





Lime treatments—October 3, 1950 and June 6, 1951. 


showed rather erratic results and there 
was evidence of only slight phytotoxicity 
from the DDT in most of the soils. The 
lack of toxicity may have been the result 
of poor mixing of the DDT with the soil 
or of not mixing the DDT deeply enough 
in the soil. 

Abruzzi rye planted in the fall of 1950 
and harvested the following spring was 
extremely stunted by both technical and 
purified DDT in all the soils except the 
peat (Table 2). Many of the rye plants in 
all of the DDT treated soils except the 
peat turned purple when they reached a 
height of five to six inches. A considerable 
number of these purpled plants died, re- 


1 Provided by Geigy Company, Inc. 
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Table 2.—Effect on Abruzzi rye of technical and purified DDT incorporated in seven New Jersey 
soils at the rate of 200 pounds per acre on July 7, 1950. Rye was grown from October 12, 1950 to 


April 22, 1951. 








Per CENT Per CENT 


DDT GREEN Wr. DIFFERENCE Dry Wr. DIFFERENCE 
Som Tyre TREATMENT IN Gas. FROM CHECK IN Gas. FROM CHECK 
Lakewood None 596 132 
sand Purified 255 —57 50 — 62 
Technical 304 —49 63 —52 
Sassafras None 1281 262 
sandy loam Purified 870 —$2 188 —29 
Technical 654 —49 145 —45 
Nixon None 2063 380 
sandy loam Purified 1180 —43 258 —$2 
Technical 1042 —50 212 —44 
Norton loam None 1185 254 
Purified 570 —52 113 —56 
Technical 510 — 57 109 —57 
Frenau None 830 154 
silt loam Purified 575 —3l 112 — 27 
Technical 580 —30 103 —33 
Peat None 1265 241 
Purified 1045 —18 206 —14 
Technical 1190 — 6 226 — 6 
Neshanic None 950 185 
silt loam Purified 415 — 56 73 —61 
Technical 270 —72 44 —76 





sulting in poor stands, but the effect of 
the DDT was the result of stunting of 
plant growth as well as poor stands. The 
purpling of the rye leaves occurred only 
in the early stages of growth; after the 
plants had reached a height of about 10 
inches, those plants that had not died 
completely lost this discolorization. 

Black Valentine beans grown during 
the summer of 1951 showed stunting 
effects from the DDT similar to those 
shown by the rye, except that the bean 
plants showed no off-color (Table 3). 
Bean plants growing in the untreated 
Lakewood sand showed much _ better 
growth than those growing in the DDT 
treated Lakewood sand at first, but 
growth was poor in this soil in all treat- 
ments because of faulty fertilization. 

No relationship between DDT phyto- 
toxicity and soil texture could be seen in 
these tests. The amount of organic mat- 
ter, however, did seem to be an important 
factor in reducing the phytotoxicity of the 
DDT since neither purified nor technical 
DDT was highly toxic to either the rye or 
the beans when it was incorporated into 
the peat soil. The purified DDT was 





found in most cases to be less phytotoxic 
than technical DDT. 

ApsorPTion OF DDT In Nutrient 
SOLUTION CuLTURE EXPERIMENTs.—Be- 
‘ause of the numerous chemical and physi- 
cal factors present in soils, the use of a 
less complex and more easily controllable 
system than soil was thought to be pref- 
erable for further studies. A nutrient 
solution culture system was chosen be- 
cause it has few unknown chemical and 
physical factors and it can be easily 
handled and manipulated. Also the de- 
velopment of the root system can be ob- 
served easily throughout the period of 
experimentation. 

A Shive & Robbins nutrient solution! 
was used in all tests. Aeration was pro- 
vided by a Thiberg or a White Mist 
aerator. Quart or 2 quart jars were used 
in all the experiments. Except in tests to 
determine the effect of DDT on chemical 
constituents of the foliage where solutions 
and treatments were renewed every other 
day, the solutions were not renewed but 
distilled water was added when _ neces- 


1 New Jersey Agr. Expt. Sta. Bul. 636, p. 16, 
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4 Table 3.—Effect on Black Valentine beans of technical and purified DDT incorporated in seven 
| New Jersey soils at the rate of 200 pounds per acre on July 7, 1950. Beans were grown from June 11 
" to August 15, 1951. 
Piant Wr. Minus Pops Pop Weicut 
Per Cent Per Cent 
DDT Difference Difference 
Sor Type TREATMENT Gms. from Check Gms. from Check 
Lake wood None 985 541 
sand Purified 1160 +18 434 —19 
Technical 1140 +16 486 —10 
Sassafras None 1940 1659 
sandy loam Purified 1760 — 9 1267 —24 
Technical 1445 —26 707 —59 
Nixon None 2230 1800 
sandy loam Purified 1990 —11 1505 —16 
Technical 1735 —22 1061 —41 
Norton loam None 1730 1427 
Purified 1445 —17 805 —43 
Technical 825 — 52 433 —69 
Frenau None 2135 1786 
silt loam Purified 1920 —10 1318 —26 
Technical 1790 —16 1321 —25 
Peat None 2230 1469 
Purified 2050 —- 8 1567 + 7 
Technical 2005 —10 1481 + 1 
Neshanic None 1915 1734 
- silt loam Purified 1560 —19 781 —55 
Technical 835 —54 371 —79 
‘. 
i 
4 sary to make up the required volume of term DDT will be used for the toxic 
di liquid. A 50 per cent purified or technical — ingredients. 
“ DDT! wettable powder was used to make Preliminary tests showed that the puri- 
up stock suspensions of the insecticide. fied DDT at concentrations as low as one 
‘ Black Valentine snap beans were chosen _ part per 10 million was toxic to the bean 
, as the indicator plant because of their seedlings. At this level and at one part per 
j rapidity of growth and their susceptibility million, DDT curtailed lateral root de- 
“ to DDT poisoning. The seeds were germi- velopment and there was a tendency to 
y nated in washed sand and the seedlings get many thick unbranched roots. At 10 
‘ transferred to the nutrient solution as parts per million, there was an almost 
f soon as the primary leaves had unfolded. complete cessation of root development 
Treatments were added to the solutions — so this concentration of DDT was used in 
two days after the seedlings had been all subsequent experiments (Table 4). 
. transferred. The material to be tested, While root development was almost im- 
if such as wood carbon or an ion exchange mediately arrested upon addition of this 
F resin, was placed in 50 milliliters of dis- level of DDT, top growth did not begin 
tilled water in a beaker, or a small paper to become stunted until a week or 10 days 
1 cup, and then the DDT was added. These _ later. For this reason the length, the ap- 
@ suspensions were left for 4 hours with fre- pearance and the weight of the root 
, quent stirring to provide intimate contact system were used as criteria to determine 
4 of the test material and the DDT, and _ the effect of various materials in detoxify- 


then they were poured into the jars of 
nutrient solution. Because the material or 
materials responsible for the phytotoxi- 
city of DDT are not definitely known, the 


ing or absorbing the DDT. The inert in- 
gredients of the DDT wettable powder 


1 Provided by Geigy Company, Inc. 
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days after treatment. 
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Table 4.—Effect of technical DDT on Black Valentine beans grown in nutrient solutions for 21 
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Per CENT 
















Per Cent Dry Wr. Per CENT 


GREEN Wr. DirrereNcE Dry Wr. Dirrerence oF Roots’ DIFFERENCE 
TREATMENT IN Gms. FROM CHECK INGMS. FROM CHECK IN Gas. FROM CHECK 
Check 70.0 8.4 1.581 
DDT 1 pp 10m 66.5 —§ 7.1 —15 1.392 —12 
DDT 1 ppm 57.0 —19 5.1 —39 1.195 —24 
DDT 10 ppm 39.0 — 44 4.5 — 46 0.714 —55 








were found to be non-toxic to the plants. 

Four ion exchange resins*: a cation ex- 
change resin, IR 120; two strong-base 
anion exchange resins, IRA 400 (chloride 
form) and XE 98; and a weak-base anion 
exchange resin, IR4B, were tested. At 
3000 ppm all the anion exchange resins de- 
creased the toxicity of the DDT but the 
cation exchange resin was not effective 
(Table 5). The strong-base anion ex- 
change resins, XE 98 and IRA 400, were 
much more effective than the weak-base 
anion exchange resin in reducing DDT 
phytotoxicity. XE 98 appeared to be 
slightly more effective than IRA 400. 
These data indicate that DDT may be 
exchanged as an anion or may be decom- 
posed by the anion exchange resins. If the 
exchange complex is the functioning 
mechanism then from the greater effect of 
IRA 400 and XE 98, compared to 1R4B, 
it would be assumed that the phytotoxic 
material is being exchanged as a weak 
acid, 

If the adsorption of DDT is similar to 
that of the phosphate and arsenate ions, 
we can predict some of the relationships 
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seedlings grown in nutrient solutions. 





between the phytotoxicity of DDT in- 
corporated in soil and the soil character- 
istics. Phosphate adsorption is decreased 
by an increase in the pH value of the solu- 
tion. Foster (1951) reported that the lim- 
ing of some soils increased the phytotoxi- 
city of DDT but the author could not 
establish this point in small plot tests or 
in greenhouse tests. The phosphate ion is 
adsorbed by the clay fraction and is ad- 
sorbed in greater degree where the soil has 
a low cation—anion exchange capacity 
ratio. In general, this condition correlates 
with a low Si Os-R:O; ratio. Therefore, 
the amount and type of clay should have 
an important influence on the adsorption 
of DDT by soils. The use of kaolinitic and 
montmorilonitie clays to adsorb DDT in 
nutrient solution culture experiments 
have given inconsistent results so this 
work is being continued. In general, how- 
ever, if any reduction of DDT phyto- 
toxicity has occurred it has been slight 
when compared to the effect of ion ex- 
change resins or activated carbons. The 


3 Provided by Rohm and Haas Co. 







Table 5.—Effect of ion exchange resins on the toxicity of purified DDT to Black Valentine bean 





















TREATMENT 





AVERAGE Root 
LENGTH IN 





Per Cent 
DIFFERENCE 
FROM CHECK 


Root 


INCHES APPEARANCE 

















IRA-400 3000 ppm and DDT 10 ppm 





Check 11.50 Excellent 
DDT 10 ppm 6.00 —48 Poor 
IR-120 1000 ppm and DDT 10 ppm 6.50 —43 Poor 
IR-120 3000 ppm and DDT 10 ppm 6.75 —41 Poor 
IR-4B 1000 ppm and DDT 10 ppm 5.50 —52 Poor 
IR-4B 3000 ppm and DIT 10 ppm 7.25 —37 Fair 
IRA-400 1000 ppm and DDT 10 ppm 8.75 —24 Fair 
9.50 —17 Good 


















XE-98 3000 ppm and DDT 10 ppm 





Check 18.25 Excellent 
DDT 10 ppm 4.75 —64 Poor 
IRA-400 2000 ppm and DDT 10 ppm 6.25 —53 Fair 
XE-98 2000 ppm and DDT 10 ppm 8.00 —39 Good 
IRA-400 3000 ppm and DDT 10 ppm 11.25 —15 Excellent 
12.25 — 7 Excellent 
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Table 6.—Composite table of the effect of two activated carbons on the toxicity of technical DDT 
treatments to Black Valentine beans grown in nutrient solutions. 








TREATMENT 


Per CENT 
DIFFERENCE 
FROM CHECK 


AVERAGE Root 
LENGTH IN 
INCHES 


Roor 
APPEARANCE 





DDT 10 ppm and wood carbon 500 ppm 
DDT 10 ppm 


DDT 10 ppm and wood carbon 1000 ppm 
DDT 10 ppm and bone carbon 1000 ppm 
DDT 10 ppm 


DDT 10 ppm and wood carbon 1000 ppm 
DDT 10 ppm and bone carbon 4000 ppm 
DDT 10 ppm 


Excellent 
Poor 


+ 4 
—61 


12.0 
4.5 


0 Excellent 
—58 Poor 
—58 Poor 


+14 Excellent 
+14 Excellent 
—47 Poor 





influence of clay on the phytotoxicity of 
DDT was not observed with the seven 
soils in the field tests although there was 
a high positive correlation between the 
clay content and the phosphate fixing 
capacity of the soil. However, DDT may 
be very weakly attached to the clay struc- 
ture and the presence of other anions such 
as the phosphate or sulfate ion may dis- 
place the DDT, just as the arsentate ion 
is displaced by the phosphate ion. This 
might explain why some workers have 
found that fertilization increased the 
phytotoxicity of DDT. Organic matter 
and organic soils have practically no 
anion exchange capacity although there is 
an insignificant positive adsorption under 
acid conditions changing to negative ad- 
sorption under alkaline conditions. The 
peat soil used by the author was found to 
have practically no phosphate fixing 
capacity. Thus the detoxification of DDT 
by organic soils would not seem to be ex- 
plainable by a theory of anion exchange 
unless the exchange of certain organic 
anions is different than the exchange of in- 
organic anions. The tying-up of DDT by 
organic matter may be a purely physical 
phenomenon such as is probably true 
with the activated carbons. 

Two activated carbons, Aquar nuchar B 
and a bone carbon, proved to be very 
effective in reducing the phytotoxicity of 
DDT. The activated bone carbon was less 
effective than the activated wood carbon 
when tested on ar equal weight basis but 
was nearly equal in effectiveness when 
tested on a similar volume basis (Table 6). 
At equal volumes the bone carbon 
weighed four times as much as the wood 
carbon. 

The action of the activated carbons on 


DDT could be attributed to the purely 
physical factors involved, such as entrap- 
ment or the mutual physical attraction of 
the DDT and carbon particles. Kunin & 
Myers (1947) state that charcoal acts 
similarly to the amine type exchange 
resins. However Steenberg (1944), dis- 
cussing adsorption and exchange of ions 
on activated carbons, states that the ad- 
sorption of gases and solutes is not ex- 
clusively a chemical interaction between 
the charcoal and the substances adsorbed 
and that “the generally accepted concep- 
tion of adsorption on charcoal of gases and 
organic non-electrolytes from solutions is 
founded on a theory of physical surface 
action (van der Waal’s forces), and not on 
chemical reactions. The adsorption by the 
carbons of the phytotoxic material in the 
DDT preparations from this would be 
deduced to be a physical reaction. 
Because of the possibility of the 
purpling of the Abruzzi rye plants in the 
soil tests being due to a deficiency of 
phosphorus, Black Valentine bean seed- 
lings were grown in nutrient solutions 
containing DDT for analyses of plant 
nutrients. The nutrient solutions and 
treatments were replaced every other 
day. Analyses of the green foliage, carried 
out according to the procedures of 
Emmert (1934) and Morgan (1941), 
showed that the soluble phosphorus was 
much lower in the plants treated with 
DDT than in the untreated plants (Table 
7) even though no deficiency symptoms 
were visible. Recent experiments with 
Kentucky-16 burley tobacco have given 
symptoms resembling phosphorus de- 
ficiency when the tobacco seedlings were 
grown in nutrient solutions containing 
chlordane at five parts per million, but 
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Table 7.—Analyses of Black Valentine bean 
foliage for uptake of elements by plants treated 
with purified DDT in nutrient solution cultures. 








Parts PER MILLION 


TREATMENT P Cl Ca Mg K Na 
Untreated check 510 165 875 130 1080 150 
Acetone 500 ppm 500 205) =—5500 180) 1000) 285 


DDT 10 ppm and 


acetone 500 ppm 225 17! 135 1100 280 


~ 
o 
a 
we 
or 





no plant analyses have been made. Jakob 
(1950)! in an unpublished thesis reported 
in experiments similar to those of the 
author that phosphorus and nitrate nitro- 
gen in snap beans were reduced by the 
addition of lindane to the nutrient solu- 
tions. 

Summary. In field tests using soil 
cylinders, snap beans and Abruzzi rye 
were severely stunted by both purified and 
technical DDT incorporated at the rate 
of 200 pounds per acre in six New Jersey 
mineral soils of varying texture. Purified 
and technical DDT incorporated in a peat 
soil at the same rate were much less phy- 
totoxic than when incorporated in the 
mineral soils. No relationship between the 
texture of the mineral soils and the 
amount of DDT phytotoxicity was appar- 
ent. Although in some cases the phyto- 
toxicity caused by purified DDT was less 
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than that caused by technical DDT, the 
differences in the injury caused by the two 
materials were slight. 

Greenhouse experiments in which DDT 
was added to nutrient solution cultures 
showed that consistent reductions in the 
root growth of Black Valentine bean seed- 
lings could be obtained by the end of ten 
days. Purified DDT at the rate of 10 
parts per million almost completely 
stopped root growth. At lower rates the 
development of lateral rootlets was cur- 
tailed and many thick, unbranched roots 
were produced. Analyses of bean foliage 
showed that the soluble phosphorus in 
plants treated with purified DDT was 
about half that found in the untreated 
plants. 

Two strong-base anion exchange resins, 
IRA 400 and XE 98, when added to 
nutrient solutions containing DDT were 
found to reduce DDT phytotoxicity; a 
weak base anion exchange resin, IR4B, 
was markedly less effective in reducing 
phytotoxicity; and a cation exchange 
resin, IR 120, had no effect on the phyto- 
toxicity of DDT. Wood and bone acti- 
vated carbons were very effective in ad- 
sorbing DDT and preventing phyto- 
toxicity. 

1 Jakob, W. 1952. Studies on phytotoxic properties of benzene 
hexachloride. Unpublished master’s thesis. Rutgers University. 
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A Survey of the Mediterranean Region for 
the Beet Leafhopper 


Norman W. Frazier, University of California, Berkeley 


According to Ball (1917) the sugar beet 
industry in western United States had its 
inception at Alvarado, California, in 1870, 
and by 1900 sugar factories were operat- 
ing in California, Colorado, Nebraska, 
New Mexico, Washington, Oregon and 
Utah. In 1899 a disease appeared in the 
California plantings so serious as_ to 
threaten the new industry. It was called 
“California Blight” or “Western Blight” 
and during 1899 and 1900 was found in 
every western beet growing area. The dis- 
ase was later known as “‘curly-leaf’”’ and 
finally as at present, “‘curly-top”. It has 
since been present continuously in the 
western sugar beet regions, fluctuating 
widely in prevalence over the years. In 
California, peak years of disease were 
experienced in 1900, 1905, 1914 1919, 
1925 and 1950. In addition to beets, 
other crops that may suffer important 
losses in California include tomatoes, 
melons, spinach, flax, and beans. 

The curly-top disease is caused by a 
virus which is carried by the beet leaf- 
hopper, Circulifer tenellus (Baker). It is 
the only species of insect known to be 
capable of spreading the virus. The beet 
leafhopper was first recorded on sugar 
beets by Gillette & Baker (1895) who 
found it at Grand Junction, Colorado. 
Because of the insect’s association with 
sugar beets and especially the ‘‘curly-leaf” 
disease, it was named the beet leafhopper 
by Ball (1907b). In North America the 
species has been found in most of the 
western states of this country and in 
British Columbia, Lower California and 
Mexico. In addition, it has more recently 
been found to exist in Florida and a 
number of islands of the West Indies. 

The species was originally described by 
Baker (1896) as Thamnotettiz tenellus and 
was referred to the genus Eutettiz by Ball 
(1907a). It had long been recognized by 
specialists that 7’. tenellus did not properly 
belong in the genus Eutettiz, and that 
there was an apparent absence from the 
New World of any species closely related 
to it. As a result of his studies of material 
from other faunal regions of the world in 
an effort to determine the correct generic 
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position of the beet leafhopper, Oman 
(1936, 1948, 1949) found that 7’. tenellus 
was associated with a number of Old 
World species contained in the genus 
Cireulifer and therefore should properly 
be referred to as Circulifer tenellus. He 
recognized 12 Old World species of Circu- 
lifer and gave their distribution as __fol- 
lows: the countries of southern Europe 
adjacent to the Mediterranean, the Bal- 
kan States, northern Africa, Yemen, 
Palestine, northern Arabia, the area 
around the Caspian Sea, the Punjab dis- 
trict of North India and the desert and 
arid regions of Asia from the Persian Gulf 
to the Northeast as far as the steppe of 
Balagansk in south central Siberia. The 
ecological similarity of the Old World 
areas to that occupied by the beet leaf- 
hopper in North America was pointed out. 

Oman (1948) further determined that 
two species described from the old World, 
one from Palestine and the other from 
Sicily, were synonymous with the North 
American beet leafhopper and thereby 
established the presence in the Mediter- 
ranean region of Circulifer tenellus. This 
evidence strongly suggested that the beet 
leafhopper is not native to North Americ: 
but rather that it is an introduced species 
the original home of which was somewhere 
in the Old World. It is of interest to note 
(Oman, 1949) that as early as 1926 some 
workers believed that the beet leafhopper 
was not a native North American species. 
As a result a search was made in Argen- 
tina (Severin & Henderson, 1928) for 
the beet leafhopper because of the interest 
in obtaining parasites from the presumed 
original home of the species. 

Over the years, methods that have been 
used in California to combat curly-top 
losses have included the use of resistant 
crop varieties, alteration of time of plant- 
ing, the use of insecticides directed against 
the leafhopper both on individual crop 
plantings and on its wild hosts in or near 
its breeding grounds, the elimination of 
Russian thistle infestations, and the 
maintenance of a population prediction 
service to warn growers of expected high 
levels of leafhoppers and disease. 
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Under the extraordinarily favorable 
conditions that prevailed in the over- 
wintering and spring breeding areas of the 
beet leafhopper in California in 1949 and 
1950 these methods did not suffice to 
prevent the increasingly serious losses ex- 
perienced in those years, especially by 
growers of melons and fresh market 
tomatoes. In response to an appeal by 
growers the California State Legislature 
in 1950 allocated funds for an emergency 
aid program and also requested the Col- 
lege of Agriculture of the University of 
California to undertake a search for 
natural enemies of the beet leafhopper. 
The University of California subse- 
quently initiated a research project rela- 
tive to the biological control of the beet 
leafhopper under the direction of the 
Department of Biological Control. 

As one of the initial steps in the project, 
and based upon the work of Oman, a pre- 
liminary survey was made of the Mediter- 
ranean region to locate populations of 
Circulifer tenellus and obtained as much 
basic information as possible regarding its 
Old World distribution, host plants and 
natural enemies. The overall objective of 
the survey was to lay a sound foundation 
for possible future work by a parasite 
specialist. 

The present paper reports some of the 
results of this preliminary survey. 

IrinERARY.—The trip was of nearly 
7 months duration, from February 21 to 
September 15, 1951. Travel between main 
points was by plane. On the trip eastward 
examinations were made of the insect 
collections at the U. S. National Museum, 
the British Museum (Natural History), 
London, the National Museum of Natural 
History, Paris, the Spanish Institute of 
Entomology, Madrid, Spain and of the 
private collection of Dr. Henri Ribaut, 
Toulouse, France. It was desired to learn 
as much as possible concerning the genus 
Circulifer and to obtain collection records 
of all the representatives of the genus that 
were found. It was thought that such data 
would prove to value in determining the 
the areas in which field work might most 
profitably be accomplished. 

After leaving Madrid the first field col- 
lecting was started in Algeria, April 1 to 
14, and in the following sequence con- 
tinued in Tunisia, April 15 to 21, Egypt, 
April 22 to May 12, Syria, May 13 to 17 
Lebanon, May 18 to 23, Cyprus, May 24 
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Fic. 1.—Outline map showing the Mediterranean 

areas searched for the presence of the beet leaf- 

hopper, Circulifer tenellus (Baker). The solid circles 

indicate the approximate localities where collections 
were made, 


Based on Goode Base Map No. 129, Copyright 1939 by the 
University of Chicago. Used by permission of The University of 
Chicago Press, 


to 31, Turkey, June 1 to 14, Greece, June 
15 to 21, Italy, including Sardinia and 
Sicily, June 22 to July 23, Tripolitania, 
July 24 to 31, and ended in Spain, August 
5 to 20. 

ProcepuRE.—The itinerary was 
planned to allow the minimum of time 
estimated to be essential in each country 
to get to and adequately sample the areas 
which were thought the most likely to be 
habitats of Circulifer tenellus. It was not 
found possible to make intensive or de- 
tailed study of any population or accumu- 
late life history data. It was likewise dif- 
ficult to get reliable determinations of 
unknown host plant species. 

Collecting was done with an insect 
sweep net and the leafhoppers were 
aspirated from the net, killed in a cyanide 
jar and preserved dry in pill boxes. A 
special effort was made to concentrate the 
field work in habitats that appeared eco- 
logically suited to Circulifer tenellus if 
such habitats could be found in any given 
country. However, when opportunity was 
afforded collections were made in other 
habitats and on as many host plants as 
possible in an attempt to get a sample of 
the total leafhopper fauna. Not only 
Circulifer but all other leafhoppers swept 
were preserved. 

Resvutts.—Approximately 30,000 spe- 
cimens of Cicadellidae were collected 
and preserved during the trip. Of these 
about 7,500 represented species of the 
genus Circulifer. 

The genus Circulifer was found to be 
common over all of the areas surveyed, 
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in some localities only in low populations, 
while in others in fair abundance. A num- 
ber of described species were represented 
as well as several new species. The speci- 
mens collected during this survey have 
formed the basis of a study of the genus 
Circulifer, presently in progress,! in which 
the writer is collaborating. As a result of 
this study it has been determined that 
Circulifer tenellus was collected in Algeria, 
Tunisia, Tripolitania, Egypt and Spain. 

The species associated in the genus 
Cireulifer by Oman (1948) may be con- 
veniently segregated into three groups: 
the C. fenestratus group, typically black 
or brownish leafhoppers which probably 
consitute a distinct and apparently mono- 
typic genus (Distomotettix, Ribaut); the 
('. haematoceps group, characterized by 
1aving triangulate male plates; and the 
C. tenellus group, distinguished by having 
the male plates truncate at the apices. 

Examples of the Circulifer fenestratus 
group were found in every country in 
which collections were made. With few 
exceptions they were found only as 
scattered individuals. On one occasion 
near Cagliari, Sardinia, a breeding spot 
was found where fair numbers of nymphs 
and adults were taken on an unidentified 
host. The most common host plant was 
Scolymus hispanicus L. (golden thistle). 
Other hosts included species of Juniperus, 
Cistus, Rosmarinus, Micromeria and Pro- 
sops. Populations were ordinarily too 
small to determine the host plant from 
which they were swept. 

Representatives of the Circulifer hae- 
matoceps group were also taken in every 
country. However, only a few were found 
in Egypt. In all countries excepting 
Egypt they were the dominant form of 
Circulifer. They were more commonly 
distributed, collected more often and 
usually in greater abundance, and were 
found on a greater variety of plant hosts 
than members of either the C. fenestratus 
or C. tenellus groups. Included among 
their more common host plants were 
numerous species of Cruciferae, Cheno- 
podiaceae, Amaranthaceae and _ several 
species of Cistus. Other hosts, including 
some of importance, were Thymus vul- 
garis L. (common thyme), Rosmarinus 
officinalis L. (rosemary) and species of 
Plantago, Artemesia, Portulaca, Euphor- 
bia, Marrubium, Micromeria, Prosopis, 
and Erodium. 
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Species of the tenellus group were col- 
lected only in Algeria, Tunisia, Tripoli- 
tania, Egypt, Turkey, Sardinia and Spain. 
Populations were not found in great 
abundance and the distribution of some 
of the forms appeared to be sharply 
limited by undetermined factors. Often a 
population would be found only in a small 
sampling area but not in surrounding or 
adjacent areas that appeared equally, or 
more, favorable. In several instances dis- 
tribution appeared limited to a narrow 
zone bordering lake or sea shores. Speci- 
mens were usually collected in very 
moderate or small numbers. Known host 
plants included species of Cruciferae and 
Alyssum, Chenopodium, Salsola, Cistus 
and Zygophyllum. A number of collections 
yielded so few specimens that their host 
plants were only doubtfully determined. 
In general, the Cruciferae appeared to be 
the most important group of host plants. 

Particular efforts were made in all 
countries to observe plantings of beets, 
tomatoes and other hosts of the curly-top 
virus, including wild beets and other wild 
plants, to determine if the curly-top virus 
were present in any country visited. 
Symptoms of curly-top were not posi- 
tively identified on any plant. 

In general the ecological characteristics 
of the genus Circulifer, and especially the 
C. tenellus group, as observed in the 
Mediterranean region, were very similar 
to those of the beet leafhopper in western 
North America in so far as habitat and 
host plants are concerned. However, the 
Mediterranean populations seemed to 
differ in three important respects: (1) In 
no area of the Mediterranean was sugar 
beet or wild beet a good host plant of 
Circulifer although good populations were 
occasionally found on weeds growing in 
and around sugar beet plantings. No C. 
tenellus group specimens were ever col- 
lected on beets. (2) Russian thistle, 
though not found abundantly was never 
observed to be more than a relatively 
mediocre host of any species of Circulifer. 
Only adults were found on this host. (3) 
Most C. tenellus group populations ap- 
peared to have a restricted distribution 
locally. 

In all countries in which both Circulifer 
tenellus and C. haematoceps group species 


1Dr. D. A. Young, Jr., Bureau of Entomology and Plant 
Quarantine, Agricultural Research Administration, U.S.D.A., 
Washington, D. C, 
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were found, with the exception of Egypt, 
the latter were always the most abundant 
and evenly distributed although food 
plants, habitats and climate seemed to be 
equally as favorable for tenellus group 
leafhoppers. This was especially true in 
Spain where seemingly as great a diversity 
of Circulifer species, host plants and habi- 
tats was found as in all other sampled 
countries combined. It is possible that 
biological control factors might be at 
least a part of the explanation. 

No particular effort was made to study 
the parasites or predators of Circulifer. 
However, it is known that parasites were 
not uncommon. A number of specimens 
were collected that were parasitized with 
undetermined species of internal and ex- 
ternal parasites and egg parasites were 
recovered at Albany, California, from a 
shipment of host plant material from 
Tripolitania to the quarantine laboratory 
of the Department of Biological Control. 

Of all of the areas surveyed, Spain 
seemed to be the most favorable in which 
further search might be conducted for 
parasites and predators for the reasons: 
(a) Spain appeared to be climatically and 
ecologically most similar to the areas of 
California infested by the beet leafhopper; 
(b) floral associations in Spain are similar 
to those in California with many identical 
species among Circulifer host plants; (c) a 
greater diversity of species and forms of 
Circulifer were encountered in Spain than 
in any other country; (d) parasitism was 
observed in both the C. haematoceps and 
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C. tenellus group populations; (e) most 
areas of Spain are readily accessible and 
with few collecting difficulties; (f) Spain is 
so situated that, as a headquarters of 
operations, activities could easily be ex- 
tended to cover any western Mediter- 
ranean area including North Africa. 
SumMaAryY.—As an initial step in a pro- 
ject to investigate the possibilities of bio- 
logical control of the beet leafhopper, Cir- 
culifer tenellus (Baker) undertaken by the 
Department of Biological Control of the 
University of California, a survey for the 
beet leafhopper and its close relatives was 
conducted in the Mediterranean region. 
Collections were made in Algeria, 
Tunisia, Tripolitania, Egypt, Syria, Leba- 
non, Cyprus, Turkey, Greece, Italy, 
Sardinia, Sicily, and Spain. Nearly 30,000 
specimens of Cicadellids were collected, 
of which about 7,500 were Circulifer. 
Among the Circulifer, the beet leaf- 
hopper, C. tenellus, was taken in Algeria, 
Tunisia, Tripolitania, Egypt, and Spain. 
Some observations on distribution and 
host plants of the Circulifer are given. 
Spain appeared to be the most favora- 
ble area in which to search for parasites 
and predators of the beet leafhopper. 
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Tests with Two Systemic Insecticides on Vegetable 
and Field Crops in Southern California’? 


H. 'T. Reynops,’ L. D. ANpERson,?’ and J. E. Swirt,t University of California 
Citrus Experiment Station, Riverside 


A great deal of interest has developed 
in the use of systemic insecticides since 
Schrader (1946) demonstrated the ability 
of certain materials, particularly that of 
octamethyl pyrophosphoramide (schra- 
dan), to penetrate into the plant sap and 
thus to kill certain sucking insects. 
Ripper et al. (1950) explored the possi- 
bilities of this material in detail and re- 
ported it to be toxic as a systemic to 14 
species of aphid, one of whitefly, one of 
mealybug, two of leafhopper, and two of 
red spider. They found, also, that it had 
little or no effect as a contact insecticide 
or fumigant against insects, and later 
(Ripper et al. 1951) pointed out the value 
of this selectivity in biological control. 

Many other workers have reported the 
toxicity of systemic insecticides to various 
species of aphids and mites when solutions 
of these materials were sprayed on the 
plants, or poured on the soil, or used to 
soak seeds prior to planting. 

MATERIALS AND MEtuHops.—The pests 
and crops upon which field tests of systemic 
insecticides were made were the following: 
the cabbage aphid, Brevicoryne brassicae 
(L.), on cabbage plants; the pea aphid, 
Macrosiphum pisi (s\tb.), and strawberry 
spider mite, 7'etranychus atlanticus McG., 
on alfalfa; the tulip bulb aphid, Anur- 
aphis tulipae (Fonse.), on carrot plants, 
the green peach aphid, Myus persicae 
(Sulz.), on sugar beet plants; onion thrips, 
Thrips tabaci Lind., on seed onion plants; 
the cyclamen mite, T'arsonemus pallidus 
Banks, on strawberry plants; and the 
whitefly Trialeurodes abutilonea (Halde- 
man) on cotton. Results of tests on cotton 
mites and on the cotton aphid are to be 
reported in detail at a later date. 

The two systemic materials used in these 
tests were schradan (octamethyl pyro- 
phosphoramide) and Systox, a product 
containing a mixture of 0-{2-(ethyl- 
mercapto)ethyl]-0,0-diethyl thiophos- 
phate and S-[2- (ethylmere: ipto)ethyl]-0,0- 
diethyl thiophosphate. 

On the different crops, sprays were 
applied at various concentrations and 
volumes. Different types of spray equip- 
ment were used in making applications. 


Because the cabbage, strawberry, and 
varrot plants were to be destroyed after 
completion of the tests, small plots were 
treated by means of hand-operated knap- 
sack-type sprayers. Applications were 
made on alfalfa, sugar beet, and seed 
onion plants by means of a small self- 
propelled power sprayer having a 12-foot 
boom equipped with low volume nozzles.° 
Cotton plants were sprayed with a wheel- 
barrow-type sprayer equipped with a 
hand-operated spray gun. 

In addition to sprays, the following 
systemic treatments were used on cab- 
bage. Seeds were soaked 24 hours in solu- 
tions prior to planting in seed flats, young 
-abbage plants growing in seed flats were 
irrigated with solutions 4 days before 
transplanting, and solutions were poured 
around the base of cabbage transplants in 
the field. 

The methods used to evaluate the in- 
sect or mite population following treat- 


ment are discussed briefly as each test is 
considered. 
CONTROL OF THE CABBAGE APHID ON 


CaBBAGE Pu iants.—This systemic in- 
secticide test was conducted at the Citrus 
Experiment Station, Riverside. On No- 
vember 14, 1950, cabbage seeds were 
planted in seed flats 18 inches square and 
4 inches deep, each containing about 4 
inches (1,296 cubic inches) of soil. The 
young plants were transplanted into the 
field on January 5 and 8, 1951. Each 
treatment was replicated four times, and 
each replicate was a single row 55 feet 
long. 

Treatments were as follows: (1) Seeds 
were soaked for 24 hours in a 1 per cent 
schradan solution or in a 0.5 per cent 
Systox solution. As soon as the seeds dried 
after removal from the solutions, they 
were planted in the seed flats. Plants from 


1 Paper No. 763, University of California Citrus Experiment 
— Riverside, California. 

Paper resented, in part, at the meeting of the Pacific 
Branch of the American Association of Economic Entomologists, 
Seattle, Washington, June, 1951. ' é ; 

3 University of California Citrus Experiment Station, River- 
side. 

4 Agricultural Extension Service, University of California, 

rkeley. ; . 

5 Teejet spray nozzles; Spraying Systems Company. 
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these seeds received no further insecticidal 
treatment in the field. (2) Four days 
prior to transplanting, one seed flat con- 
taining small cabbage plants was irrigated 
with 1,000 cc. of a 1 per cent schradan 
solution; another seed flat was irrigated 
with 1,000 ce. of 0.5 per cent Systox solu- 
tion. (3) On January 24, two irrigation 
treatments were used on previously un- 
treated transplants in the field. A 0.5 per 
cent schradan solution was poured around 
the base of each plant in a circle 4 inches 
in diameter, at the rate of 100 cc. per 
plant. A 0.25 per cent Systox solution was 
similarly applied to other plants. (4) On 
February 13, other transplants were given 
a single spray treatment of schradan or 
Systox. Application was made by means 
of a knapsack sprayer at the rate of about 
100 gallons per acre. Technical schradan 
was applied at the rate of 1.4, 2, and 3 
pounds per acre. Systox was applied at 
0.5, 1, and 2 pounds per acre. 

The total number of apterous aphids on 
10 plants in each of the four replicates, 
or on a total of 40 plants per treatment, 
was determined. Aphid counts were made 
on February 16, March 5 and 15, and 
April 24. 

Although plants grown from the seed 
soaked in the systemic solution remained 
free from aphids for some time in the 
seed flats, at time of transplanting into 
the field they had become uniformly 
infested. Thus, some control of aphids 
was indicated by this method, but by 
transplanting time, on January 5, the 
effect had dissipated. Results are summar- 
ized in table 1. 

When seed flats were irrigated with 
solutions of schradan or Systox prior to 
transplanting, good control was obtained 
for two months (January 4 to March 5), 
but by March 15 the aphid reductions 
(from check) had dropped to from 59 to 
67 per cent. At harvest time on April 24, 
the effect of schradan was completely 
gone and the effect of Systox nearly so 
(30 per cent reduction from check). The 
irrigation of transplants in the field with 
solutions of both systemic materials gave 
nearly perfect control (98 per cent) up 
to harvest time. The systemic sprays gave 
excellent aphid control. Forty days after 
the treatment the control for all spray con- 
centrations ranged from 96 to 100 per 
cent. At the end of 50 days the control 
had only slightly decreased, and at har- 
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vest time (76 days after treatment) the 
control ranged from 32 to 79 per cent in 
the schradan-treated areas and from 51 
to 85 per cent in the Systox-treated areas. 
In general, Systox appeared more effective 
than schradan for cabbage aphid control 
on cabbage. 

CONTROL OF THE PEA APHID AND THE 
STRAWBERRY SPIDER MITE ON ALFALFA. 

Three tests were conducted between 
February 28 and April 11, 1951, in the 
Imperial Valley, near El Centro. Each 
test was made on alfalfa in a different 
growth stage (very short to nearly ma- 
ture). 

In the first test Systox was applied at 
0.5 and 1 pound of material per acre and 
schradan at 2.3 pounds per acre. Each 
treatment was replicated three times, 
and each replicate was a plot 70 feet long 
by 25 feet wide. Sprays in this test were 
applied at a rate of approximately 50 
gallons per acre by a small power sprayer 
equipped with a 12-foot boom. Flat fan 
nozzles’ were used, and the sprays were 
applied at a pressure of 200 p.s.i. The 
alfalfa was nearly mature at treatment 
time. In the second test the plots were 
the same size as in the first test but repli- 
cated four times. The systemic materials 
were applied with hollow cone nozzles® 
at about the same rates as in the first 
test but at approximately 25 and 50 gal- 
lons per acre. The alfalfa in this test was 
4 to 6 inches high. The third test was simi- 
lar to the first, except that the alfalfa 
was just beginning to grow after cutting, 
and hollow cone nozzles were used in 
making applications. 

Aphid counts were made by sweeping 
the alfalfa with an insect net and counting 
the apterous aphids. Ten sweeps were 
made in each replicate. Mite counts were 
made by selecting leaflets which showed 
mite damage and counting all the living 
mites. These counts were based on 15 
leaflets per replicate. Results are summar- 
ized in table 2. 

The results obtained in these three tests 
indicated that both schradan and Systox 
gave good aphid and mite control, each 
material maintaining control for a period 
of 3 or more weeks. Aphid control ap- 
peared to be somewhat better when sys- 
temics were applied to nearly mature al- 
falfa than when applied to shorter alfalfa 
which was growing very rapidly. Mite 
control with Systox was outstanding at 
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Table 1.—Effect of schradan and Systox on control of the cabbage aphid, Brevicoryne brassicae 
(L.), on cabbage plants transplanted January 5 and 8, 1951, at Riverside, California. 








Survivine Aprerous APHIDS ON 40 PLANTS PER TREATMENT 





TREATMENT 


February 16 


March 5 March 15 


April 24 





Date Material and Amount 


, _ | are » RE Zo 
No. Reduction! No. Reduction! No. Reduction! No. Reduction! 





Schradan™ 

1,000 ce. 1% sol./flat. 
Systox™* 

1,000 ce. 0.5% sol./flat 
Schradan” 

100 cc. 0.5% sol./plant 1 
Systox?® 

Systox 

100 ce. 0.25% sol./plant 
Schradan* 

1.4 lb./100 gal./acre 

2 lb./100 gal./acre 

3 lb./100 gal./acre 
Systox’s 

0.5 lb./100 gal./acre 

1 Ib./100 gal./acre 

2 lb./100 gal./acre 
None (check) 


Jan. 4 
72 


64 
Jan. 24 


Feb. 13 


90 221 81 920 59 711 


91 91 738 67 


0 100 





1 From check. 
? Method of Application: 
(a) Irrigation in seed flat. 
(b) Irrigation in field. 
(c) In spray. 


Table 2.—Effect of Systox and schradan sprays on control of the pea aphid, Macrosiphum pis 
(Kltb.), and the strawberry spider mite, Tetranychus atlanticus McG., on alfalfa in various stages of 


growth near El Centro, vree rence 1951.1 











Aprerovus Apuips (10 SWEEPS OF 
InsEct Net PER REPLICATE) 


SPRAY ‘Tae ATMENT 


P ounds Giles. 


per per 


Mi aterial Acre Acre Mar. 7 


Mites 


(15 LEAFLETS PER REP. ACATE) 


Mar. 14 Mar. 21 Mar.28 Mar. 14 Mar. 21 Apr. 4 Apr.1 nN 





Test 1— Alfalfa nearly mature; treated February 28 (3 replicates per treatment) 


None (check) — 
Systox 0.5 
Systox 1.0 
Se hrads an 2.3 


13. 017 7 
61 

14 

243 


53 
49 
57 


11 000 


Test 2—Alfalfa H -6 6 inches hadi treated March 13 (4 sedicaten per treatment) 





43 
25 
25 


None tehe ck) 
Systox 0. 
Systox 0. 
Systox i? 
2. 


Schradan 25 





284 
55 
44 

236 


19,151 
1,491 
736 
1,533 


10,192 
2,080 
1,744 
3,672 


2,183 1,685 
62 
20 2 


1,146 475 


91 
59 


237 








56,626 461 
8,128 15 
7,400 17 
4,680 1 
4,504 68 








Test $—Alfalfa - 2 ¢ inches high; treated Mees h 20 (3 replicates B per treatment) 


50 
50 
50 


None (e hoait 
Sy stox ( ‘ 
Systox Ki 
Schradan Q 


21,952 
1,896 
1,036 
1,474 








‘ Alfalfa cut March 22. No aphid counts were made after March 28, hot weather and predaceous insects having cleaned up the 


population. 
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both 0.5 and 1.0 pound per acre and ap- 
peared to be better than with schradan at 
2.0 pounds per acre. There was no dif- 
ference in the aphid and mite control when 
0.5 pound of Systox was applied at 25 
gallons per acre and when 0.43 pound of 
this material was applied at 43 gallons 
per acre. 

CONTROL OF THE TuLIPe BuLB APHID 
oN Carrot PLANts.—This systemic test 
was begun in March, 1951, in the Holtville 
area of the Imperial Valley. The tulip 
bulb aphid is very difficult to control on 
carrots because of its location on the 
plant. The early infestation is very deep 
in the plant crown, and as the infestation 
increases it spreads up on the leaves. 
Because of the inaccessibility of this 
aphid, control with ordinary insecticidal 
dusts and sprays is difficult; hence the 
tests with systemic insecticides. 

Since the carrots were to be destroyed 
at harvest time, small plots were treated. 
Each treatment was replicated four times 
on plots 10 feet long and one bed (two 
rows) wide. Applications were made by a 
hand-compression sprayer and only the 
plant tops were wet. Schradan was ap- 
plied at 2 pounds of material per acre, 
and Systox at 0.5 and 1.4 pounds per acre. 

The carrots were treated on March 16 
and examined on March 23, March 28, 
and April 26. Total numbers of aphids 
were counted on 4 plants per replicate, or 
on a total of 16 plants per treatment, 
except at harvest time (April 26), when 30 
plants were examined per treatment. 
Results are summarized in table 3. 

Only fair aphid control resulted from 
applications of systemic material. Systox 
at the higher dosage gave control about 
equal to that of schradan at 2 pounds per 


Table 3.—Effect of Systox and schradan sprays 
on control of the tulip bulb aphid, Anuraphis 
tulipae (Fonsc.), on carrot plants in the Imperial 
Valley, California, 1951. 








Spray TREATMENT, 
Marcu 16 


——— AVERAGE NUMBER OF 
Gal- APHIDS PER PLANT 
lons — - 
Mar. Mar. Apr. 

23 28 28 





Pounds 
per per 
Material Acre Acre 


9 


None (check) — - 126 167 ‘ 
Systox a 50 70 93 10 
Systox 68 25 20 12 


Schradan 49 24 45 3 
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acre. The lower dosage of Systox gave 
inferior results. At harvest time (April 26) 
there was little difference in the number 
of aphids on treated and untreated car- 
rots. As only the carrot tops were wet by 
the treatment in this test, there was little 
if any aphid mortality as a result of con- 
tact action. The mediocre aphid contro! 
obtained in this test may indicate that 
in plants such as carrots large amounts of 
the systemic material are translocated 
into the large roots. 

CONTROL OF THE GREEN PEeacu APHID 
ON SuGar Beer PLants.—This systemic 
test was begun in February, 1951, in the 
Imperial Valley. At treatment time the 
sugar-beet tops were large; the tap roots 
were only about 1.5 inches in diameter 
but were growing rapidly. 

The sprays were applied at the approxi- 
mate rate of 50 gallons per acre by a small 
power sprayer equipped with a 12-foot 
boom. Each treatment was _ replicated 
twice and each replicate was 50 feet long 
by four beds (eight rows) wide (14 feet). 
Technical schradan was applied at the 
rates of 1.1, 1.5, 3.5, and 2.0 pounds per 
acre. In addition, the spray at the 2- 
pound dosage contained 5 ounces of a wet- 
ting agent® per 100 gallons. Systox was 
applied at 0.55, 0.9 and 1.4 pounds of 
material per acre. 

The treatments were evaluated on 
February 20 by counting the number of 
aphids on 25 leaves per replicate or on a 
total of 50 leaves per treatment. A 
second aphid count was not made, but 
on March 23 the plants in each treat- 
ment were rated as to whether or not they 
showed signs of having had a_ severe 
aphid infestation. Results obtained are 
summarized in table 4. 

In this test Systox at all dosages gave 
excellent aphid control, but that obtained 
with schradan was poor. The addition of a 
wetting agent to the schradan seemed to 
reduce its effectiveness. The difference in 
control obtained with Systox and schra- 
dan may be due in part to the high initial 
kill obtained with Systox, as compared 
with little or no initial kill with schradan, 
rather than to the systemic action of these 
materials. This tends to substantiate the 
indication obtained in the test on carrots, 
that much of the systemic materials may 


6 Multifilm L, a spreader and deposit builder manufactured by 
Colloidal Products Corporation. 
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Table 4.—Effect of Systox and schradan sprays 
on control of the green peach aphid, Myzus per- 
sicae (Sulz.), on sugar beet plants near El Centro, 
California, 1951. 








Spray TREATMENT, 
Fesruary 15 
—$ PLANTS 
SHOWING 
per 50 = Insury, 
LEAvEs, Marcu 
Fes. 20 231 


Gal- 
Pounds _ lons 
per per 
Acre Acre 
None (check) — 
Schradan , 55 
Schradan . 39 
Schradan " 44 1,907 246 
Schradan? ? 51 3,670 281 
Systox OE 55 30 43 
Systox , 46 44 13 
Systox : 46 14 27 


APHIDS 


Material 





3,894 393 
2,697 431 
1,720 Q57 





! Total number of plants in four rows of each replicate showing 
signs of having had severe aphid infestation. 

2Plus 5 ounces Multifilm L (spreader and deposit builder 
manufactured by Colloidal Products Corporation) per 100 gal- 
ons. 


be translocated and held in the large root. 

CONTROL OF ONION THRIPS ON SEED 
ONION PLANTS.—Systemic materials were 
compared with standard insecticides for 
control of onion thrips on seed onions in 
the Imperial Valley. Each treatment was 
replicated four times and each replicate 
was four beds (eight rows) wide and 50 
feet long. Applications were made by a 
small power sprayer equipped with a 12- 
foot boom. Two flat-fan spray nozzles® 
were used per onion bed (one per row). 
Treatment evaluations were made by 
counting all the thrips on 4 plants per 
replicate, or a total of 16 plants per treat- 
ment. Results are summarized in table 
dD. 

In this test neither schradan nor Systox 
gave good control of onion thrips on seed 
onions. Systox gave some initial kill 


Table 5.—Effect of standard and systemic 
sprays on control of the onion thrips, Thrips 
tabaci Lind., on seed onion plants in the Im- 
perial Valley, California, 1951. 








Turips ON 16 PLANTS PER 
TREATMENT 
March 14 March 23 
Spray TREATMENT, Marcu 9 Per Per 
- - ——- Cent Cent 
Gal- Reduc- Reduc- 
Pounds lons . tion tion 
per per Num- from Num- from 
Material Acre Acre ber Check ber Check 


None (check) : 955 _— 
DDT 79 92 528 83 
loxaphene 3.6 ‘ 92 90 584 81 


3, 062 


Systox .6 f 338 65 
Schradan ‘ $ 638 33 


2,688 12 
1,970 36 
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(65 per cent reduction from the check 5 
days after treatment), but by the time of 
the second count (14 days later) there was 
only a 12 per cent reduction. Schradan, 
which has little contact action, gave poor 
results in both counts. When compared 
with standard insecticides (DDT and tox- 
aphene), which gave from 90 to 92 per 
cent reduction 5 days after treatment, 
and from 81 to 83 per cent reduction at 14 
days, there appears to be little control of 
thrips by systemic action with either 
schradan or Systox on onions. 

CONTROL OF THE CYCLAMEN MITE ON 
STRAWBERRY P.LANnts.—This test was 
‘arried out in the Azusa area on Donner 
variety strawberry plants that were 
heavily infested with cyclamen mites. 
Schradan and Systox were applied on May 
15, 1951, at 50 gallons per acre with a 
knapsack-type sprayer. Schradan was ap- 
plied at 2 pounds per acre and Systox 
was applied at 1 and 2 pounds per acre. 
Plots were one row wide and 20 feet long, 
and each treatment was replicated four 
times. The treatments were examined for 
effectiveness on May 22 and June 4, and 
little or no reduction in the cyclamen mite 
population was observed on either date. 

CONTROL OF THE WHITEFLY ON Cor- 
TON PLANts.—Schradan was applied to 
cotton for control of the whitefly, near 
Indio, on October 3, 1950. Applications 
were made by a_ wheelbarrow-sprayer 
operating at a pressure of 300 p.s.i., 
using a spray gun equipped with a No. 3 
nozzle disk. Four replications were made, 
and each replicate was 15 feet long. In 
each plot one row was sprayed to the 
point of runoff, and several rows were 
sprayed lightly over the plant tops. The 
following treatments were used: 1 and 2 
pints of schradan (33 per cent schradan 
plus 67 per cent emulsifier) to 100 gallons 
of water; 1 and 2 pints of technical schra- 
dan to 100 gallons of water; and check. 
Examination of treated and untreated 
leaves on October 6, 3 days after treat- 
ment, indicated that no mortality or re- 
duction in number of whitefly nymphs 
was obtained from any treatment. A sub- 
sequent examination was made on October 
17, but the whitefly population had been 
almost completely eliminated over all 
the treatment area by parasites. 

Summary.—A study has been made of 
the relative effectiveness of schradan 
(octamethyl pyrophosphoramide) and of 
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Systox, a product containing a mixture 
of 0-(2-(ethylmercapto)ethyl]-0,0-diethyl 
thiophosphate and S-(2-(ethylmercapto)- 
ethyl]-0,0-diethyl thiophosphate, for con- 
trol of several insects and mites infesting 
various vegetable and field crops. 

Excellent control of the cabbage aphid, 
Brevicoryne brassicae (L.), on cabbage 
plants was obtained with both materials. 
Plants grown from seeds soaked in sys- 
temic solutions remained free from aphids 
in seed flats for some time but became 
infested prior to transplanting. Irrigation 
of young plants in seed flats with systemic 
solutions applied prior to transplanting 
gave excellent control for 2 months. 
Systemic solutions applied to the base of 
newly set plants gave excellent control up 
to harvest time. Schradan sprays (1.4 to 
3 pounds per acre) and Systox sprays 
(0.5 to 2 pounds per acre) gave excellent 
control for 50 days, but 76 days after 
treatment control on the schradan-treated 
plants ranged from 32 to 79 per cent re- 
duction from the check, and on the 
Systox-treated plants from 51 to 85 per 
cent. 

Excellent control of the pea aphid, 
Macrosiphum pisi (Kltb.), and of the 
strawberry spider mite, Tetranychus atlan- 
ticus McG., was obtained on alfalfa 
with these materials. Aphid contro! ap- 
peared to be better on nearly mature 
plants than on shorter, rapidly growing 
plants. Mite control was outstanding 
with Systox at 0.5 and 1.0 pound per acre 
and was better than that obtained with 
schradan at 2 pounds per acre. 
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In a test for control of the tulip bulb 
aphid, Anuraphis tulipae (Fonsc.), on 


carrots, fair to good results were obtained. 


Schradan at 2 pounds per acre gave about 
the same results as Systox at 1.4 pounds 
per acre. Systox at 0.5 pound per acre 
gave only fair results. 

Control of the green peach aphid, 
Myzus persicae (Sulz.), on sugar beet 
plants was excellent with Systox at dos- 
ages ranging from 0.55 to 1.4 pounds per 
acre, but was poor with schradan at dos- 
ages ranging from 1.1 to 3.5 pounds per 
acre. This difference probably occurred 
because of the high initial kill with Sys- 
tox, whereas the initial kill with schradan 
is low. This test and the test on carrots 
indicate that on crops such as _ these, 
having tap roots, large amounts of the 
systemic materials may be translocated 
and held in the root. 

Neither schradan nor Systox gave good 
control of the onion thrips, Thrips tabaci 
Lind., on onions, although there was a 
fair initial reduction of the thrips popula- 
tion with Systox. 

There was little or no reduction in popu- 
lations of the cyclamen mite, 7’arsonemus 
pallidus Banks, on strawberry plants 
following applications of Systox at 1 and 
2 pounds per acre or of schradan at 2 
pounds per acre. 

Schradan sprays applied to the point of 
runoff on cotton plants for control of the 
whitefly Trialeurodes abutilonea (Halde- 
man) gave no reduction of the whitefly 


nymphs. 
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Studies of Mites and Their Control on 
Pecan in Louisiana 
W. C. Prerce,! U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


Observations on mite injury to pecan 
in Louisiana were begun in July 1946 
during an outbreak in an orchard near 
Shreveport on trees that had been sprayed 
with DDT. The species found was de- 
scribed later as Tetranychus hicoriae Mc- 
Gregor. This pest probably caused most 
of the mite injury observed on pecan in 
Florida by Walker in 1931, and workers 
in Mississippi had submitted specimens 
for determination prior to 1946. Various 
investigators in Florida, Georgia, and Tex- 
as have since reported damage by this 
mite and studies on its control. Nickels 
(1942) reported on two other species of 
mites, Hriophyes caryae Kieffer and Para- 
tetranychus viridis (Banks), as pests of 
pecan. These three species and two addi- 
tional species, Brevipalpus sp. and sayedi 
Baker, are commonly found attacking 
pecans in Louisiana. The biology of these 
mites was not studied in detail, but ob- 
servations were made during the period 
1946-1952 on their habits, injury caused 
to pecan, and the effectiveness of different 
acaricidal treatments against the more 
important species. 

Hasits AND INsJurY CAUsED TO PECAN. 
—Tetranychus hicoriae may be found on 
both surfaces of pecar leaflets, but it seems 
to feed and reproduce principally on the 
under surface. Its feeding causes the leaf- 
lets to scorch, especially in hot, dry 
weather. In heavy infestations the 
scorched leaflets may fall prematurely. 
Fresh scorch injury appears as dark brown 
or liver-colored blotches in the leaflets, 
and old scorch injury as dead areas of 
irregular size and pattern in leaflets that 
do not fall from the trees. The liver- 
colored scorch is usually the first indica- 
tion of a heavy build-up of these mites. 
Much of the foliage remaining on the 
trees after heavy infestations may be rus- 
seted or scorched. 

Brevipalpus sp. and B. sayedi are usual- 
ly found on the under side of the leaflets 
close to the veins. In heavy infestations 
the veins and adjoining tissue turn brown. 
The shucks of the nuts are also attacked 
and may become russeted in appearance. 

Paratetranychus viridis may be found on 


both surfaces of the leaflets, but it appears 
to feed and reproduce principally on the 
upper surface. In heavy infestations this 
surface becomes greyish-white from feed- 
ing injury and accumulations of egg shells 
and cast skins of the immature mites. 

Eriophyes caryae begins feeding on the 
margin of the leaflets, causing it to fold 
or roll and thus form a thickened gall-like 
growth parallel to the mid-vein. The tiny 
mites can be found in large numbers within 
this gall-like growth. 

Tetranychus hicoriae was the most im- 
portant species of mite observed on pecan. 
Severe infestations occurred under vari- 
ous conditions in orchards scattered 
throughout northern Louisiana. Heavy 
infestations sometimes developed follow- 
ing the use of sprays of DDT and other 
insecticides. However, since many of the 
severe infestations observed on pecan 
have been in unsprayed orchards, it is 
possible that much of the injury by this 
mite in past years either was not recog- 
nized or was attributed to other causes. 
Severe infestations of this pest have 
usually caused premature losses of foliage 
from large numbers of planted orchard 
and top-worked pecan trees. 

Some of the orchards in which severe 
infestations of T'etranychus hicoriae were 
observed were also heavily infested with 
black pecan aphids, Melanocallis caryae- 
foliae (Davis), and the two species of 
Brevipalpus mites. These mites did not 
cause extensive losses of foliage, but the 
foliage on heavily infested trees appeared 
weakened and very susceptible to damage 
by hicoriae. Heavy infestations of Frio- 
phyes caryae and Paratetranychus viridis 
were also observed, but less frequently, 
and no serious defoliation was noted. 

Full-grown females of Brevipalpus sp., 
B. sayedi, and Tetranychus hicoriae over- 
winter in protected places on the trees. 
The first two species were taken in large 
numbers from beneath old coverings of 


1 The writer is indebted to E. A. McGregor (retired) and to 
other specialists in the Bureau of Entomology and Plant Quaran- 
tine for identifying the different species of mites. He is also in- 
debted to local pecan growers, members of the Bureau of Plant 
Industry, Soils, and Agricultura] Engineering, and representa- 
tives of insecticide companies for their cooperation in this work. 
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the obscure scale, Chrysomphalus obscurus 
(Comst.), and from crevices in the bark 
on the small outer branches of pecan, and 
T. hicoriae from beneath rough bark on 
the main branches and trunk. A fourth 
species, identity uncertain, overwinters 
in the egg stage on the twigs and small 
branches. 

Each of these mites becomes active and 
begins attacking the foliage soon after 
the trees initiate growth in the spring. 
The earliest date on which leaf-scorch 
injury by Tetranychus hicoriae was ob- 
served in the Shreveport area was April 
10. However, it did not cause serious 
scorching until the latter part of June. 
Light injury to the leaflet veins by 
Brevipalpus sp. and B, sayedi was observed 
as early as May 19. Injury or dwarfing 
of foliage by Eriophyes caryae became 
very pronounced on heavily infested 
trees by the early part of May. 

The life history and the number of 
generations of Tetranychus hicoriae during 
the year were not studied in detail, but 
the egg and other stages were observed 
on pecan foliage from April until late in 
October. The number of mites observed 
on an individual leaflet ranged from one 
to more than a hundred, depending on the 
time of year and the conditions of in- 
festation. Apparently, a single female 
mite may cause a small tender leaflet to 
scorch early in April, but 10 to 60 mites 
may be required to effect scorching of 
more mature leaflets later in the season. 
Scorching in April appeared to be con- 
fined to leaves on shoots arising from 
small branches and water sprouts attached 
to the main branches and trunks of the 
trees. The mite infestation spread 
throughout the tree later in the season, 
but serious scorching of foliage and pre- 
mature defoliation began on the lower 
portions of the trees. Severe infestations 
were observed from late in June to early 
in October, but most of the damage oc- 
curred during July, August, and Septem- 
ber. In most of the orchards heavy losses 
of foliage in August and early September 
have resulted in failure of the trees to 
bloom properly the following spring. 

Controu Tests.—In preliminary tests 
conducted during August 1946 a 1-per 
cent summer-oil emulsion failed to con- 
trol heavy infestations of Tetranychus 
hicoriae on Stuart pecan trees. Other 
tests were begun on June 26, 1947, on 
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small plots of Schley and Mahan pecan, 
with the following sprays (materials per 
100 gallons): 

Wettable sulfur 6 pounds plus dinitro-o-cyclo- 

hexylphenol (a DN compound) (40% wettable) 
0.6 pound. 

HETP (50%) 1 pint. 

HETP (100%) } pint. 
The mite infestation was sufficiently 
heavy to cause considerable scorching of 
foliage before the treatments were applied. 
Infestation counts were not obtained, 
but 8 days after the application it was 
difficult to find mites on foliage of trees 
that received the sulfur-DN treatment. 
The infestation on trees sprayed with 
HETP appeared to be about as heavy 
as was observed prior to the treatment. 
In July the sulfur-DN spray was used on 
these trees and also on a large group of 
Success trees being used in tests on other 
pecan pests. A single application ap- 
peared effective, since Tetranychus hi- 
coriae caused no further damage to these 
trees during the remainder of the season. 

In 1948 and 1949 Tetranychus hicoriae 
‘aused practically no damage on trees 
treated late in the summer with para- 
thion for the control of the black pecan 
aphid. This applied to conventional-type 
spray of 25 per cent wettable powder, 
1 pound to 100 gallons, and concentrated 
mist sprays, 6 pounds to 115 gallons. 
Sprays of wettable sulfur, alone and in 
combination with the DN compound, 
gave good results against heavy infesta- 
tions in two orchards in 1949. 

In August 1950 tests were conducted 
with the following sprays against Tetra- 
nychus hicoriae on Success pecan trees: 


Wettable sulfur 5 pounds plus dinitro-o-cyclo- 
hexylphenol (a DN compound) (40 per cent 
wettable) 0.63 pound to 100 gallons. 

*arathion (25 per cent wettable) 0.63 pound to 
100 gallons. 

Parathion (25 per cent wettable) 6 pounds, copper 
sulfate 20 pounds, and lime 6 pounds to 115 
gallons. 

The first two treatments were applied 
with a conventional hydraulic sprayer and 
the third with a mist blower. Examination 
under a microscope of 40 leaflets from 
trees receiving each treatment showed 99 
per cent mortality of mites on leaflets 
treated with the sulfur-DN spray, 91 
per cent on those treated with the para- 
thion conventional spray, and 90 per cent 
on leaflets receiving the parathion con- 
centrated spray. A total of 1,200 to 1,700 
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mites was found in each 40-leaflet sample. 
It is believed that some of the mites sur- 
viving treatments of parathion were 
Brevipalpus sp., since subsequent obser- 
vations have indicated that parathion is 
not effective against this species. 

Further tests in August and September 
1950 indicated that it might be possible 
to add parathion to the DDT spray used 
to control the pecan weevil (Curculio 
caryae (Horn)) and thus prevent a build- 
up of mites. In 1951 tests were conducted 
on Schley pecan trees to compare the ef- 
fectiveness of parathion, parathion plus 
wettable sulfur, and EPN in preventing 
mite injury when combined with DDT 
and a fungicide. The materials used 
(pounds per 100 gallons) and the dates 
of application were as follows: 

(1) Ziram 2, DDT (50% wettable) 2, parathion 
(15% wettable) 1, plus wettable sulfur 4; ap- 
plied on May 22, June 30, and without ziram 
on August 6. 

Copper sulfate 6, lime 2, DDT (50% wettable) 
2, parathion (15% wettable) 1; applied on 
May 22, June 30, and without bordeaux mix- 
ture (copper sulfate and lime) on August 6. 
Copper sulfate 6, lime 2, DDT (50% wettable) 
2, BHC (10% gamma wettable) 1, EPN 
(27% wettable) ? to 1; applied on May 23, 
June 30, and without bordeaux mixture on 
August 6. 

Copper sulfate 6, lime 2, DDT (50% wettable) 
2, BHC (10% gamma wettable) 1; applied 
on May 18-26, June 27-July 5, and followed 
by DDT (50% wettable) 2, BHC (10% 
gamma wettable) 1, and wettable sulfur 5 
early in August. 


Treatment 4 was used by the grower on 
most of the productive Schley trees in 
the orchard in which the tests were con- 
ducted. However, some of the trees failed 
to set nuts and were not sprayed during 
the season. 

The insecticides used in these tests were 
very effective against a heavy infestation 
of the pecan nut casebearer (Acrobasis 
caryae Grote). Pecan scab was not a 
serious problem on Schley trees in this 
orchard under drouth conditions; there- 
fore the fungicide was included in only 
two sprays. The black pecan aphid caused 
very little injury on either the sprayed 
or unsprayed trees throughout the season. 
Three species of mites became very nu- 
merous in the orchard. Injury to the leaflet 
veins by the two species of Brevipalpus 
Was very pronounced on many trees prior 
to June 30, and there was a general build- 
up in the population of Tetranychus hi- 
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coriae throughout the orchard late in 
July and in August. 

On September 25-28 two hundred leaf- 
lets were examined on each of five or 
more trees in the four treated plots and 
also on ten untreated trees to determine 
the extent of injury to foliage by Tetra- 
nychus hicoriae. A schedule of three appli- 
cations of parathion and wettable sulfur 
(treatment 1) was the most effective, as 
only 5 per cent of the leaflets were injured 
by this mite. However, early applications 
of this treatment did not prevent the 
need for the third acaricidal spray in 
August. Schedules of three applications of 
parathion (treatment 2) or EPN (treat- 
ment 3), and a single application of wet- 
table sulfur (treatment 4) appeared ade- 
quate in preventing serious premature 
losses of foliage by this mite, 10 per cent 
being injured by treatments 2 and 3 and 
16 per cent by treatment 4. The untreated 
trees showed about 50 per cent injury. 
The treated trees retained most of their 
foliage until November. 

Counts of Brevipalpus sp. and B. 
sayedi between August 15 and 22 on sam- 
ples of 25-100 leaflets per treatment and 
observations in September on injury to 
leaflets indicated that treatment 1 was 
fairly effective in preventing injury by 
these mites. A single application of wet- 
table sulfur in August reduced infestations 
of these species, but there was already 
some injury to the foliage. 

In 1952 tests were conducted on Schley 
pecan trees in two orchards to study the 
effectiveness of different acaricides in 
preventing mite injury when used in 
combination with various spray materials 
applied for the control of insects and dis- 
eases. The materials used (pounds per 
100 gallons) and the dates of application 
in orchard No. 1 were as follows: 

(1) Copper sulfate 6, lime 2, DDT (50% wettable) 

2, parathion (15% wettable) 1, wettable sulfur 
4; applied on May 26. 

Copper sulfate 6, lime 2, DDT (50% wettable) 
2, BHC (12% gamma wettable) 1, wettable 
sulfur 4; applied on May 26 and without 
bordeaux mixture and DDT on September 4. 
Copper sulfate 6, lime 2, DDT (50% wettable) 
2, BHC (12% gamma wettable) 1, Aramite 
(15% wettable) 1.5; applied on May 26 and 
without bordeaux mixture and DDT on 
September 4. 


A severe infestation of the two species 
of Brevipalpus mites developed during 
July and August on trees that received 
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treatment 3. On October 20-21 one hun- 
dred leaflets were examined on each of 
eight trees in the three treated plots to 
determine the extent of injury to foliage 
by these mites. These examinations indi- 
cated that wettable sulfur and wettable 
sulfur combined with parathion gave 
good results in preventing foliage injury 
by Brevipalpus sp., since 14 per cent of the 
leaflets were injured on trees sprayed with 
treatment 1, 6 per cent with treatment 2, 
and 64 per cent with treatment 3. Infesta- 
tions of Tetranychus hicoriae tended to 
build up on the sprayed trees during the 
latter part of August, but they caused 
no appreciable damage. 

Similar results were obtained against 
mites in orchard No. 2 on trees used in 
experiments conducted in cooperation 
with C. L. Smith, Bureau of Plant In- 
dustry, Soils, and Agricultural Engineer- 
ing. In late October 7 per cent of the leaf- 
lets examined were injured by Brevipal- 
pus sp. mites on trees sprayed on April 
18, May 9, June 2, and August 13 with 
wettable sulfur 4 pounds plus _para- 
thion (25 per cent wettable) 1 pound in 
combination with sprays of 4-1-100 and 
6-2-100 bordeaux mixture. From 42 to 
59 per cent of the leaflets examined were 
injured by these mites on trees sprayed 
four times with three different fungicidal 
treatments in which parathion (25% wet- 
table) 1 pound to 100 gallons was included 
in the last application on August 13. The 
percéntages are based on counts of 100 
leaflets per tree with six replications. 
Tetranychus hicoriae caused little or no 
injury to foliage on any of the treated 
trees. 

Studies were made in three orchards on 
Stuart variety pecan trees during August 
and September 1952 to determine the 
effectiveness of aeroplane applications of 
concentrated parathion spray against 
heavy infestations of Tetranychus hicoriae. 
This spray was applied on 52, 25, and 22 
acres of pecans, at the rate of 1 pound of 
parathion (3 gallon of 25-per cent liquid 
formulation) in 5 gallons of spray per 
acre. Preliminary observations indicated 
that active stages of the mite were affected 
first and that 3 or more days were re- 
quired for maximum results against mites 
hatching from eggs. A total of 1,081 dead 
and 16 live mites were found on 30 leaf- 
lets taken from trees in one of these 
orchards approximately 24 hours after 
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the treatment. On three additional sam- 
ples of 30 to 40 leaflets taken after one to 
two weeks, the numbers of live mites 
observed were 93, 22, and 46. Most of 
the 93 mites observed in the first of these 
samples were found on three heavily in- 
fested leaflets. In the two remaining 
orchards 98.7 and 97.8 per cent of the 
mites observed were dead on samples of 
50 and 30 leaflets taken from the trees 
3 to 4 days after the application. Most of 
the surviving mites were newly hatched. 
The total numbers of mites observed on 
these samples were 4,395 and 2,772. 
Twenty-six live mites were found on a 
sample of 50 leaflets taken from the third 
orchard 10 days after the application. 

The treatment used in this study gave 
excellent results against a severe infesta- 
tion of the black pecan aphid in the first 
orchard, but some of the trees became 
reinfested after three to four weeks. A 
single application seemed sufficient for 
the remainder of the season against 
Tetranychus hicoriae. 

In late August and early September 
1952, observations were made in two or- 
chards on Stuart and other pecan varieties 
to determine the effectiveness of a dust 
containing 1 per cent of parathion and 40 
per cent of sulfur against Tetranychus 
hicoriae. The dust was applied with a 
ground duster in one orchard and with an 
aeroplane in the second orchard, at the 
rate of approximately 50 to 55 pounds per 
acre. It appeared more difficult to obtain 
satisfactory distribution of the dust on 
large pecan trees with the aeroplane than 
with the duster operated on the ground. 
Preliminary examinations of small sam- 
ples of infested leaflets from trees treated 
from the ground indicated that active 
stages of the mite were killed within the 
first 36 hours but that 3 or more days 
were required to obtain good results 
against young mites hatching from eggs. 
This treatment held the mite in check for 
about 3 weeks. Similar results were ob- 
tained by the grower with conventional 
sprays containing parathion and wettable 
sulfur. In the orchard treated by aero- 
plane, 99 per cent of 1,951 mites observed 
were dead on a sample of 50 leaflets taken 
from treated trees 2 days after applica- 
tion. On a second sample of 50 leaflets 
taken from these trees 45 live mites were 
found after 10 days. Further tests were 
conducted which indicated that a dust 
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containing 40 per cent of sulfur in combi- 
nation with BHC has value for use 
against Tetranychus hicoriae, but it ap- 
peared to act slowly against mature 
stages of the pest. 

Discussion AND ConcLusions.—The 
results obtained in 1952 with aeroplane 
applications of concentrated sprays of 
parathion against Tetranychus hicoriae 
appear promising, but caution must be 
exercised in the use of this treatment 
until more information is obtained. Fur- 
ther study is needed to determine the 
proper rate of application per acre, the 
effectiveness of the spray against other 
pecan pests, and under what conditions 
this spray is safe and practical for use on 
pecans. Equipment manufacturers have 
just begun producing a satisfactory ma- 
chine for applying concentrated sprays on 
pecan from the ground, and studies are 
needed to compare the effectiveness of 
concentrated sprays applied from the 
ground with those applied from an aero- 
plane. 

A dust containing 1 per cent of para- 
thion was found to give good results 
against the black pecan aphid in 1947. 
This dust has continued to be effective 
against this pest in two orchards in north- 
west Louisiana when applied from the 
ground at the rate of 50 to 55 pounds per 
acre. From these results and those ob- 
tained in 1952 against Tetranychus hi- 
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coriae it appears that thorough applica- 
tions of a dust containing 1 per cent of 
parathion and 40 per cent of sulfur may 
prove practical for use against these pests 
on pecan. Most of the dust applications on 
pecan in Louisiana were made during 
early morning, 5 to 8 a.M., when air con- 
ditions were favorable. 

It is frequently desirable for pecan 
growers in northern Louisiana to use 
materials or combinations of materials 
that are effective against mites, the black 
pecan aphid, and other insect pests in 
combination with fungicides applied for 
the control of diseases. A combination of 
wettable sulfur and parathion has ap- 
peared very satisfactory against three 
species of mites when used in sprays con- 
taining a fungicide and other insecticides. 
Parathion is effective against Tetranychus 
hicoriae and the black pecan aphid, but 
it may be possible to substitute other 
materials for parathion if special condi- 
tions warrant this procedure. These stud- 
ies indicate that one acaricidal spray ap- 
plied in the latter part of May, followed 
by one or more applications as needed 
in July, August, or September, may be 
required for good results against the 
three most important species of mites 
attacking pecan. In many instances one 
to two acaricidal sprays were required to 
prevent damage by Tetranythus hicoriae 
during July, August, and September. 
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Retentive Toxicity of Field-Weathered Insecticide Residues 
to Entomophagous Insects Associated with 
Citrus Pests in California! 


Biair R. Bartiert, Department of Biological Control, University of California 
Citrus Experiment Station, Riverside 


The increase in populations of citrus 
pests formerly held inconspicuously in 
favorable biological balance has been one 
important effect of treatment with many 
of the newer, persistent-residue types of 
contact insecticides. Another general ef- 
fect has been an exceptionally rapid flare- 
back of treated pests following initial 
control. Both are consequences of the 
chemical destruction of natural enemies. 


The first type of disturbance usually 
calls for the application of still another 
material; the second, by shortening the 
holding period between treatments, com- 
monly results in more frequent applica- 
tions of the same material that initiated 
the upset. 

Integrated programs of pest control 


1 Paper No. 762, University of California Citrus Experiment 
Station, Riverside, California. 





cr = 
2 eee 


— = 








566 JOURNAL OF Economic ENTOMOLOGY 


complementary to both biological and 
chemical control often can be devised if 
an assessment has been made of the pref- 
erential toxicities to pest and natural 
enemies, and if the most advantageous 
manner and time of treatment have been 
investigated. This ecological approach 
offers a productive means of diminishing 
the general severity of insect pest prob- 
lems. 

As the basis for an ecological approach 
to citrus pest control problems, a survey 
has been made of the comparative toxic- 
ities and of the persistence of the residual 
toxicities of a number of insecticides to 
three species of representative entomoph- 
agous insects associated with California 
citrus pests. Most of the materials cur- 
rently applied commercially for control of 
citrus pests in California have been in- 
cluded in this bioassay of toxic residues. 

MATERIALS AND Mretuops.—The three 
species of entomophagous insects used in 
the bioassay were chosen as representa- 
tive of various degrees of vigor among 
beneficial insects of citrus pests. Their rel- 
ative susceptibility enables one better to 
estimate possible untested conditions of 
weathering and dosage of the pest control 
materials. A phytis chrysomphali (Mercet) 
[Aphelinidae] is an extremely delicate 
external parasite predominantly attack- 
ing the California red scale, Aonidiella 
aurantii (Mask.). Metaphycus helvolus 
(Comp.) [Encyrtidae] is a more robust 
internal parasite primarily attacking the 
black scale, Satssetia oleae (Bern.). Lin- 
dorus lophanthae (Blaisdell) [Coccinelli- 
dae] is a small but hardy ladybeetle 
which is a general feeder upon diaspine 
scale insects. 

Thirty-five commercially employed 
pest control formulations were used in the 
tests. Some few materials were used at 
various dosages or formulations, accord- 
ing to common commercial practice. 
Application methods employed were those 
consistent with field practice. Only in the 
dust applications were there deviations 
from common application procedures, 
rotary hand dusters being used to ensure 
uniform dosages and coverage. Attempts 
were made to apply all materials at peri- 
ods comparable to those employed in 
commercial operations. Some slight vari- 
ations from normal timing schedules were 
at times necessary, however, to avoid 
periods of rainfall. Weathering, with a 
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single exception, was without rainfal| 
exposure in order to minimize indetermi- 
nate variables. 

For bioassay of residual toxicity, five 
or more selected flat leaves were picked 
from the outer 6-inch periphery of field- 
treated trees for test with each species 
at each period of toxic residue assess- 
ment. The assessments were made after 
periods of field weathering of 1 day, 1 
week, 1 month, 3 months, and 5 months, 


Fig. 1.—One hundred modified Munger cells set up 
for insecticide residue bioassays of citrus leaves, 
showing suction-tube arrangement for preventirig 
vapor accumulation and for maintaining constant 
temperature and humidity within the cells. 


or until toxicity had been lost. The test 
apparatus employed was that described 
by Bartlett (1951) for testing dust resi- 
dues; it consisted of modified Munger 
cells constructed of plastic and exposing 
10-cm.’ areas of leaf surface. Three to four 
air changes per minute in the cells pre- 
vented vapor accumulation, and air drawn 
from the room made it possible to main- 
tain the cells at 80° F. and 50 per cent 
R.H. For each weathering period and 
test species, five or more cells, each con- 
taining approximately 35 individuals of 
Metaphycus helvolus, or 50 of Aphytis 
chrysomphali, or 10 of Lindorus lophan- 
thae, supplied the bioassay data. The in- 
sects were placed in the cells after ether 
inactivation. A thin film of honey on the 
upper cell surface supplied necessary 
food. One hundred cells set up for opera- 
tion are pictured in figure 1. 
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In these studies toxicity is presented 
(Table 1) as the number of hours of con- 
finement required to give 50 per cent kill 
of the total insects in the five cells after 
correction for natural mortality by Ab- 
hott’s (1925) formula. The figure “‘> 100” 
(greater than 100) represents a kill of 
fewer than 50 per cent after 100 hours. 
Concurrent field surveys with DDT and 
parathion residues have established that 
some reproduction of the test species is 
possible at this residue level, whereas 
greater residues result in rapid death of 
immigrants. Comparative toxicities of 
residues inducing less than 50 per cent 
kill after 100 hours are indicated by their 
relative positions from high to low tox- 
icity (Table 1). 

The majority of the 35 pest control 
formulations bioassayed were primarily 
contact poisons. Cryolite is the only rela- 
tively insoluble stomach poison insecti- 
cide material now applied to citrus in 
California. This type of material would be 
expected to exert its influence upon preda- 
ceous species primarily by their ingestion 
of solid particles adhering to host material 

a condition not represented in the pres- 
ent tests. Methods employed in the 
present tests with tartar emetic-sugar, and 
possibly with sabadilla-sugar, probably 
did not adequately test one condition 
which might occur under field conditions 
namely, the contamination, at the time 
of application, of the natural honeydews 
which serve as food for adult natural 
enemies. 

The toxicity displayed by dust materials 
was somewhat variable at times because 
of periods of natural aridity preceding the 
bioassays and, to a limited extent, be- 
cause of the presence on leaf samples of 
deposits of windblown road dust, which 
had a definite effect upon the test in- 
sects (Bartlett 1951). Control leaf sam- 
ples were obtained from trees water- 
washed at the time of application of test 
materials to neighboring trees, thus mini- 
mizing discrepancies from this source. 
The physical effects of dry powder resi- 
dues are indicated by the high toxicity 
of pyrophyllite dust. Hydrated lime, 
although showing less than 50 per cent 
kill after 100 hours of exposure in all tests 
consistently demonstrated a toxicity near- 
ing 50 per cent kill, even after residue- 
weathering periods of three months after 
application. 
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Very little specificity to different bene- 
ficial species was demonstrated in the 
tests. A very slight sensitivity of Meta- 
phycus helvolus to sulfur materials was 
evident. Oils displaying a trapping effect 
varying with the viscosity of the oil and 
the delicacy of the test species. Coccinellid 
and neuropteroid predators, as well as 
certain parasitic Hymenoptera, have 
shown sensitivity to a number of insecti- 
cides in field trials (DeBach & Bartlett 
1951). Chlordane, which has been found? 
to be fairly toxic to certain parasitic 
Hymenoptera under confined conditions, 
showed a disproportionately low toxicity 
to the test species examined in the pres- 
ent tests, where aeration was continuous. 

Repellency effects of the insecticidal 
residues upon beneficial insects were poor- 
ly evaluated by the test methods used in 
this study. However, a tendency on the 
part of the parasitic species concerned to 
avoid residues of the dinitro materials 
was clearly demonstrated. 

Discussion.—Any bioassay of field- 
weathered residues, although faithfully 
representing the conditions of the particu- 
lar treatment applied and tested, is not 
always a satisfactory picture of results 
with the same material and dosage under 
slightly different weathering conditions. 
It was evident in this and related studies, 
particularly with parathion, chlordane, 
and dinitro dust materials, that residues 
may be very quickly dissipated during 
periods of high temperature and intense 
sunlight. Residues of the same materials 
may be very tenacious if applied during 
the fall or winter months. These three 
materials, and possibly EPN and _ bis 
(para-chlorophenoxy) methane, are indi- 
‘rated as subject to great variability in 
weathering. In general, however, the data 
listed in table 1 are believed to be quite 
reliable indexes of the relative effects of 
the materials and dosages given upon 
beneficial species, if used at the season 
when they are commercially applied to 
citrus in southern California. 

A few general conclusions appear to be 
warranted. Of primary importance, of 
course, where protection of natural ene- 
mies is desirable, is the choice of materials 
having rapidly dissipating residues. With 
persistent-residue insecticides, the reduc- 
tion of insecticidal concentrations as low 


2 Unpublished data on file at the Citrus Experiment Station. 
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Table y Pte neta A of field-weathered residues of citrus pest control materials to Aphytis chrysomphali (Mer. 
cet) (A.), Lindorus lophanthae (Blaisdell) (L.) and Metaphycus helvolus (Compere) (M.). 


ee 
— 


Hours or Continvep Exposure Requirep ror 50 Per Cent Kitt Arter Resipve WEATHERING Periop or~ 











1 Day 1 Week 1 Month 3 Months 5 Months 





MATERIAL AND DosaGe A. L. ‘ 


DDT 
2 Ib. (technical) +kerosene, 
2.9 gal.,+xylene, 1 pt., 
+blood albumin spreader, 
4 oz., per 100 gal. water { 37 >100 = && 
1.5 lb. (50% w.p.)!+kero- 
sene, 1.5 gal., per 100 gal. 
water s 98 >100 
8 Ib. (50% w.p.) per acre as 
mist-concentrate? >100 
1.5 lb. (50% w.p.) per 100 
gal. water 
Parathion 
3 lb. (25% w.p.) per 100 gal. 
water 
1.5 Ib. (25% w.p.) per 100 
gal. water 
8 lb. (25% w.p.) per acre as 
mist-concentrate 
Lime-sulfur solution 
5 gal. per 100 gal. water 
TDE 


2 Ib. 


water 
Sulfur 
1 Ib. sulfur dust (325 mesh) 


er tree 
4 Tb. wettable sulfur (325 
mesh) per 100 gal. water 
Chlordane 
5 lb. (40% w.p.) per 100 gal. 
water 
1 lb. dust (5% chlordane) 
r tree 
Dieldrin 
2 Ib. (25% w.p.) per acre as 
mist-concentrate 
Aldrin 
4 lb. (12.5% w.p.) per acre 
as mist-concentrate 
Dinitro compounds 
1 lb. DN dust# (1.5% dust) 
per tree ¢ 
1 fp. DN®5 (20% w.p.) per 
100 gal. water 
BHC 
1 lb. (0.75% gamma dust) 
per tree 
Oil 
2 gal. (heavy-medium) per 
100 gal. water 
2 gal. (light-medium, con- 
taining 0.05% rotenone) 
r 100 gal. water 
TEPP 


0.5 pt. (40% solution) per 
100 gal. water 
Nicotine sulphate solution 
0.75 pt. (40% nicotine solu- 
tion)+casein spreader, 
0.25 Ib., per 100 gal. water >100 >100 
Pyrophyllite 
1 Ib. dust per tree 52 >100 
3 lb. per 100 gal. water >100 >100 
Sabadilla 
1 gal. (0.5% alkaloids) + 
sugar, 4 lb., per acre as 
mist-concentrate >100 >100 
Tartar emetic 
2 lb.,+sugar, 2 Ib., per acre 
as mist-concentrate >100 >100 
Bis (p-chlorophenoxy) methane® 
1.5 lb. (40% w.p.) per 100 
gal. water >100 >100 
Potassium-ammonium seleno- 
sulfide 30%? 
1 pt. per 100 gal. water 64 >100 >100 





1 w.p. =wettable powder. 

2 Air-carried spray, using 100 gal. water per acre. 

* EPN-300, a proprietary product containing 0-ethy] 0-p-nitropheny] benzenethiophosphonate, 25%. 

‘ DN-Dust D8, a proprietary product containing 4,6-dinitro-ortho-cyclohexylphenol, dicyclohexylamine salt, 1.5%. 

: -111, a proprietary product containing 4,6-dinitro-ortho-cyclohexylphenol, dicyclohexylamine salt, 20%. 
Neotran. 

7 Selocide. 





fugust 1953 BartLett: Fietp-WEATHERED INSECTICIDE RESIDUES 


4 


li (Mer. Table 1 (continued) 








Hours or Continvep Exposure Requirep For 50 Per Cent Kitt Arter Resipve WEATHERING Periop or— 
1 Day 1 Week 1 Month 83 Months 5 Months 
MATERIAL AND DosacE Mes L. M. A. L. M. A. L. M. A. L. M. A. L. M. 


Cryolite 7 
3 |b. (95% natural cryolite) 
per 100 gal. water 
Hydrated lime 
30 Ib. per 100 gal. water 
Bordeaux mixture 
12 |b. (6 lb. copper sulphate 
+6 lb. hydrated lime) per 
100 gal. water 
Zine sulphate 
4 lb.+soda ash, 2 lb., per 
100 gal. water 
P-chloropheny] P-chloroben- 
zene-sulphonate® 
1.5 Ib. (50% w.p.) per 100 
gal. water 
Aramite 
$lb. (15% w.p.) per 100 gal. 
water 
Zine oxide 
1 lb. per 100 gal. water 





RIOD OF~ 
mths 








de 


99 >100 24 


>100 >100 >100 


>100 >100 >100 


>100 >100 >100 


>100 >100 >100 


>100 >100 >100 
>100 >100 >100 
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formulations currently used commercially 


as is consistent with adequate control 
on California citrus. Field-treated citrus 


serves the same purpose, in that toxicity 


retention periods are cut to a degree 
whereby reservoirs of protected stages of 
beneficial insects are often preserved. 
Field experience has shown that this type 
of pest control management is often justi- 
fiable. Multiple applications at even very 
light dosages have been shown to extend 
dangerously periods of residual toxicity 
to beneficial species (DeBach 1946). The 
generally increased toxicity of dusts over 
spray applications suggests the avoidance 
of dust applications where sprays may be 
substituted. 

SumMARY.—New persistent-residue 
citrus pest control materials, by destroy- 
ing natural enemies, have caused increases 
of pests formerly held under biological 
control, and have caused the rapid flare- 
back of treated pests following initial 
control. Tests were made to determine the 
comparative effect upon three species of 
entomophagous insects of 35 pest control 


leaves were brought to the laboratory 
for toxicity bioassay following standard 
periods of field weathering of residues. 
One coccinellid, Lindorus lophanthae 
(Blaisdell), and two parasitic Hymenop- 
tera, Aphytis chrysomphali (Mercet) and 
Metaphycus helvolus (Comp.), were used 
as insect test species. Test methods are 
described. 

The materials most deleterious to the 
beneficial insects tested were DDT, para- 
thion, lime-sulfur, TDE, EPN, and sul- 
fur, named in decreasing order of toxicity. 
Aramite and para-chlorophenyl para- 
chlorobenzene sulphonate were practically 
nontoxic. Very little selectivity of the 
chemicals to the test species was shown, 
other than that expected on the basis of 
their comparative size and vigor. Under 
arid conditions, dusts were more toxic 
to the test species than were sprays of the 
same materials. 
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One of the major current problems in 
economic entomology is the question of 
the toxicity of insecticides to the higher 
forms of life, particularly man. Although 
a fair body of knowledge has been accum- 
ulated on the acute and chronic toxicity 
of certain insecticides to laboratory ani- 
mals, there is now no known means of 
transposing such knowledge into terms 
directly applicable to human health 
hazards. In the case of the phosphate in- 
secticides an exception is found, for this 
group of compounds appears to have its 
primary biochemical activity as anti- 
cholinesterases. The effects of phosphate 
insecticides on blood cholinesterase can 
be studied in man as well as in lower 
animals, since the organism need not be 
sacrificed or endangered during the course 
of the investigation. As a result of blood 
cholinesterase studies on man and ani- 
mals, we have more direct information 
about the human health hazard involved 
in the use of parathion and other phos- 
phates than for any other insecticides. 

The use of blood is limited, however, 
and there is a great need for information 
concerning the effects of insecticides on 
the essential biochemical processes in 
other mammalian tissues and organ sys- 
tems. As far as possible, the tissues used 
for such investigations should be obtain- 
able from man as well as the standard 
laboratory animals. Semen is such a tis- 
sue, and in this paper an exploratory study 
of the use of semen and its contained sper- 
matozoa in insecticidal toxicity investiga- 
tions is presented. 

The use of semen in toxicity investiga- 
tions has several advantages besides the 
obviously important advantage of en- 
abling one to use man as an experimental 
object: 1) Semen contains but one cell 
type, which can be separated from its 
plasma undamaged. 2) The cells are non- 
reproducing and apparently autonomous. 
3) Spermatozoa have little cell reserve, 
and nearly all nutritive materials must be 
assimilated from the surrounding medium. 
4) Spermatozoa are highly permeable. 
And 5) Fertility and motility as well as 
metabolism may be investigated (Mann 
1949). 


Effect of Insecticides on the Metabolism and 
Motility of Mammalian Spermatozoa! 


Sran.ey D. Beck, Department of Entomology, University of Wisconsin? 
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Meruops AND MarerIAL.—In the ex- 
perimental work reported here ejaculated 
semen of the domestic boar was used. 
Boar ejaculates were collected with the 
aid of an artificial vagina and were used 
experimentally immediately after collec- 
tion. 

In most experiments the spermatozoa 
were removed from the seminal plasma 
by repeated centrifugation in saline and 
were suspended in calcium-free Krebs- 
Ringer saline (Lardy & Phillips 1948; 
Umbreit et al. 1949) to which 0.02 M 
glucose has been added. In the final dilu- 
tion of the cell suspension, sufficient saline 
was added to give a cell density of from 
5X10° to 1X10° cells per milliliter as 
determined by the use of a_ standard 
hemocytometer. When used in metabolism 
studies it was found that spermatozoa 
suspensions of this density range yielded 
results which were linear in respect to 
both time and cell count, within the time 
of the experiment. 

In experiments in which respiration of 
boar spermatozoa was followed, Krebs- 
Ringer phosphate saline containing 0.02 
M glucose and no calcium was used at 
pH 7.25. Glycolysis of boar spermatozoa 
was followed in Krebs-Ringer bicarbonate 
saline (free from calcium) at pH 7.40 to 
which 0.02 M glucose had been added. 
When suspended in saline containing no 
utilizable substrate, washed boar sperma- 
tozoa showed very low rates of endogenous 
respiration and glycolysis and rapid loss 
of motility. Glucose greatly improved 
respiration, glycolysis, and motility. Py- 
ruvate and succinate improved respiration 
markedly, but had little effect on motility 
and, of course, no effect on glycolysis. 
Glucose at a final (flask) concentration 
of 0.02 M was adopted as one of the 
standard conditions. Determinations of 
pH optima indicated that the pHs in- 
dicated above are approximately opti- 
mum. 


1 Approved for publication by the Director of the Wisconsin 
Aasetivan Experiment Station. 

2 The writer is pleased to acknowledge his indebtedness to 
Professors T. C. Allen, L. E. Casida, and R. D. Shenefelt for use- 
ful suggestions and for technical assistance in some of the initial 
experiments. Particular thanks are due to Mr. L. N. Baker for 
alae the numerous samples of boar semen used in the course 
of the study. 
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Both respiration and glycolysis experi- 
ments were conducted by the use of War- 
burg manometric apparatus using micro- 
flasks (7 ml.) containing 1 milliliter of 
sperm cell suspension in a total volume of 
1.6 ml. Gaseous exchange was expressed 
in terms of ZO, and ZCO, in respiration 
and glycolysis experiments respectively. 

ZO, equals microliters of oxygen con- 
sumed per 10° cells per hour, and ZCO, 
equals microliters of CO: evolved per 
10° cells per hour (Lardy and Phillips 
1943). This means of expressing gaseous 
exchange is similar to the use of Q values, 
except that it relates activity to cell 
number rather than dry weight. 

Glycolysis in spermatozoa results in 
the production of lactic acid (Lardy & 
Phillips 1943). It is well known that 
production of acid causes a release of 
carbon dioxide from a carbonate buffer, 
and in these experiments lactic acid 
production was followed by measuring the 
CO, evolved from carbonate buffered cell 
suspensions under anaerobic conditions. 
Lactic acid analyses demonstrated that 
with all treatments used CO, evolution 
was directly correlated with lactic acid 
production. 

In respiration and glycolysis experi- 
ments cell motility was followed by setting 
up duplicate treatments in stoppered vials 
suspended in the Warburg waterbath 
and from which samples of spermatozoa 
could be taken without disturbing the 
respirometer flasks. Motility was esti- 
mated visually by examining a small 
sample of cell suspension under a micro- 
scope. The approximate proportion of 
motile cells was estimated and recorded 
ona scale of 0 to 10, where 0 indicates no 
motile cells and 10 indicates all cells 
motile. 

The cells from different semen samples 
on different days from the same or dif- 
ferent boars displayed considerable vari- 
ation in respect to both motility and metab- 
olism. Although the experimental results 
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were found to be reproducible on a com- 
parative basis, the absolute values ob- 
tained were poorly reproducible. For this 
reason most of the results given below 
are expressed as a per cent of the values 
obtained from the untreated or solvent- 
treated controls. This sample to sample 
variation has been reported by nearly 
every worker employing spermatozoa as 
experimental material. 

The insecticidal compounds employed 
in this study were of the highest available 
purity; in all cases purity was above 95 
per cent. DDT, methoxychlor, BHC, 
aldrin, parathion, malathon, and TEPP 
were used. In all cases ethyl alcohol was 
used as the solvent carrier, and the final 
concentration of alcohol in the Warburg 
flasks and motility tubes was one per cent. 
This concentration of alcohol had no 
measurable effect on glycolysis; a slight 
adverse effect was observed on motility; 
and some ihibition of respiration was ob- 
served. An alcohol control was run in 
every case, however, and the effect of the 
alcohol was taken into consideration in 
calculating the experimental results. 

Resvutts.—The mean results of four 
experiments on the effect of several differ- 
ent insecticides on the oxygen consump- 
tion of boar spermatozoa are shown in 
table 1. These data indicate that DDT, 
aldrin, and malathon had but a minor 
inhibitory effect on the respiration of 
boar spermatozoa. Parathion, BHC, 
and TEPP had an intermediate effect. 
Only methoxychlor inhibited to a degree 
approaching that of sodium arsenite. 
Sodium arsenite is known to be a powerful 
inhibitor of respiration and was used here 
as a standard for purposes of comparison. 

The effect of the test insecticides on 
glycolysis in boar spermatozoa is shown 
in table 2; the data are the means of four 
experiments. None of the insecticides 
had an effect comparable to that of iodo- 
acetic acid, which was used as a standard 
since it is known to be a powerful inhibi- 


Table 1.—Effect of certain insecticides on the respiration of washed spermatozoa of the domestic 


boar. 








TIME 
PERIOD 
(Mrn.) CoNTROL DDT 


Methoxy- 
chlor 


40 
71 


0-60 


60-120 0 


Per Cent INuIBITION OF ZO, BY INDICATED INSECTICIDE AT 1X 107° M 


BHC Aldrin 





Sodium 


Malathon TEPP Arsenite 


Para- 
thion 





82 


75 


35 
40 


8 
10 


7 19 
10 36 
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Table 2.—Effect of certain insecticides on glycolysis in washed spermatozoa of the domestic 


boar. 








Per Cent INurIBITION OF ZCO;, BY INDICATED INSECTICIDES AT 1X 1073 M 





Time 
Preriop | 
(Min.) | Controu | 


Methoxy- 
DDT chlor 


BHC 


Todoacet be 
Acid 


Para- 


Aldrin thion Malathon TEPP 








0-60 0 13 28 36 
60-1200 | 0 | 35 49 74 


8 22 23 —10 100 
20 27 19 0 100 





tor of glycolysis. Methoxychlor and BHC 
caused inhibition to an intermediate de- 
gree; DDT and _ parathion inhibited 
slightly; whereas aldrin, malathon, and 
TEPP had little effect. TEPP stimulated 
glycolysis during the first 60-minute 
period but had little or no effect during 
the second period. This apparent stimu- 
lation was not due to hydrolysis of the 
pyrophosphate molecule, for correction 
for TEPP blanks failed to eliminate the 
observed stimulation. 

Under the conditions of the present 
experiments, it was found that the metab- 
olism of boar spermatozoa was _ pre- 
dominantly glycolytic. Only about one 
tenth of the lactic acid produced was 
oxidized completely, as calculated from 
the ratio of oxygen consumed to lactic 
acid produced. Methoxychlor caused even 
less than one tenth of the lactic acid to 
be oxidized; the other insecticides had 
only minor effects. The predominance 
of glycolysis in spermatozoan metabolism 
has been reported by several workers 
(Lardy & Phillips 1941; MacLeod 1941; 
Mann 1949), although at least some com- 
ponents of the Krebs respiratory cycle 
are known to be present (MacLeod 1943; 
Mann 1949). 

As shown by the data in table 3, the 
insecticides tested had a _ pronounced 
effect on the motility of boar spermatozoa. 
Although having a slighter effect than 
the other compounds tested, DDT had 
a constant and reproducible inhibiting 
effect on motility in all experiments run. 


Therefore the small inhibiting effect 
shown for DDT in table 3 is considered to 
be significant. It might be noted here 
that although in the experiment shown in 
table 3 motility in the control was good for 
the two-hour period of the experiment, 
this was not always the case. In many 
experiments motility of the control cells 
dropped rapidly with time, to reach zero 
in about two hours. In every case, how- 
ever, the spermatozoa suspensions treated 
with insecticides showed a much more 
rapid loss of motility than did the con- 
trols. 

The data presented in tables 1, 2, and 
3 indicate that the insecticides tested had 
a much greater effect on sperm motility 
than on either respiration or glycolysis. 
The inhibition of motility by these com- 
pounds was greater than could be ac- 
counted for solely on the basis that the 
compounds inhibited motility through an 
inhibition of the energy producing respi- 
ratory and glycolytic cycles. Unfortunate- 
ly, almost nothing is known about the 
motile mechanisms of spermatozoa or of 
any flagellated cell. The sperm cell is 
made up with three distinct anatomical 
(and biochemical) regions: the head, 
which is composed of the cell nucleus ac- 
companied by little or no cytoplasm; the 
middle piece, which is smaller than the 
head and appears to be the seat of the 
cell’s energetic metabolism; and the termi- 
nal tail or flagellum, which is connected 
to the middle piece and is the organ of 
motility. It is presumed that the contrac- 


Table 3.—Effect of certain insecticides on the motility of washed spermatozoa of the domestic 


boar (all at 1X10-* M). 








Mortiuity BAseD ON AN ARBITRARY SCALE OF 10 (ALL MorILe) 


to 0 (Att Non-MotILe) 





Methoxy- 
chlor 


TIME 


(Min.) | Controt| DDT BHC 


Aldrin 


Iodoacetic 


Acid 


Mala- Na 
thon TEPP Arsenite 


Para- 
thion 





8 8 
1 3 
1 


| 
0 | 
| 
} 5 0 


8 
60 7 
120 | 7 


8 8 8 8 8 
2 3 0 + 1 
1 1 0 0 
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tile tail derives its energy from the bio- 
chemical activity in the middle piece, 
but the mechanism of neither the energy 
transfer nor the energy utilization in 
flagellar contraction is known. The head 
and middle piece are invested by a thin 
lipoid sheath. Since spermatozoa carry 
practically no nutritive reserves, they 
must derive nearly all of their energy 
from the surrounding medium. Toward 
that end, the lipoid cell membrane of 
the head and middle piece is apparently 
permeable not only to metabolizable 
substrates passing into the cell, but also 
to coenzymes and metabolic end products 
leaving the cell. 

If a biologically active foreign sub- 
stance, such as one of the insecticides 
under discussion, were added to a sus- 
pension of spermatozoa, it might inhibit 
cell motility by any of at least three 
general mechanisms. First, it might inhib- 
it by combining with enzymes essential 
to energetic metabolism, thus depriving 
the cells of a source of energy for motility. 
In this case there would be a direct cor- 
relation between the degree of metabolic 
inhibition and the degree of motile inhi- 
bition; the data obtained in these experi- 
ments show no such correlation. Second, 
the foreign compound might inhibit 
motility by combining with some essential 
enzyme or intermediate involved in the 
motile mechanism itself; this type of in- 
hibition should not affect energetic metab- 
olism until the accumulation of meta- 
bolic end products began to inhibit. If this 
type of inhibition were the case in the 
present instance, spermatozoa in which 
motility had been stopped by an insecti- 
cide in the absence of a metabolizable 
substrate should show a near normal rate 
of metabolism upon the addition of a 
suitable substrate (glucose, 7.e.,) but such 
was found not to be the case (Table 4). 
The third possible inhibitory mechanism 
is one in which the foreign compound 
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combines with the cell surfaces to prevent 
the free exchange of material between the 
cell and the surrounding medium. In this 
case enzymes and intermediates escaping 
before the cell membranes were made 
impermeable by the foreign compound 
would continue to function normally in 
the surrounding medium. The degree to 
which metabolism would be inhibited 
would depend on how fast and how power- 
fully the foreign substance inhibited cell 
permeability. Spermatozoa in which mo- 
tility had been completely inhibited by 
an insecticide in the absence of a metab- 
olizable substrate should show no ap- 
preciable recovery upon the introduction 
of a utilizable substrate such as glucose. 
That such was the case in the present 
study is shown by the data presented in 
table: 4. 

Although demonstrated only in the 
case of DDT, it is postulated that the 
insecticides tested affected an inhibition 
of spermatozoan motility principally by 
altering the permeability of the lipoid cell 
membrane. With the exception of TEPP, 
all of the insecticides used partition heav- 
ily in favor of the oil at an oil-water inter- 
face. Although the insecticides were used 
at a concentration of 0.001 M in the War- 
burg flasks, all except TEPP formed either 
a suspension or emulsion because of their 
low water solubility. With the excess of 
insecticide present, the aqueous phase 
(saline) would tend to remain saturated, 
and the insecticide in solution would 
accumulate rapidly in the lipoidal phase 
(cell membrane). The resulting alteration 
of cell permeability would not necessarily 
be related to particular chemical group- 
ings in the foreign compound, but would 
more likely be related to the physical 
properties such as water and lipoid solu- 
bilities, according to Ferguson’s Principle 
(Ferguson 1939). The insecticides used 
in this study were of approximately the 
same molecular weight (290-365); all (ex- 


Table 4.—The effect of glucose on DDT inhibition of metabolism and motility of washed spermato- 





zoa of the domestic boar. (Initial motility =8). 





CoNTROL 


| DDT (1X1073 M) 





TIME 
PERIOD 
Min.) 


Glucose from 


No Glucose | 0 Time 


Glucose from 
60 Min. 


Glucose from 
60 Min. 


Glucose from | 
No Glucose 0 Time | 





CO:/hr. mot. 


| CO:/hr. mot. | 
| (mm!) 
0O- 60 | 31 1 
60-120 | 20 om 
120-180 9 0 


CO:/hr. mot.! 
(mm*) 
20 0 
18 + 
18 0 


CO:/hr. mot.! CO:/hr. mot.? 
*) 





' Motility figures are for the end of the indicated time period. 
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cept TEPP) are relatively insoluble in 
water but quite soluble in oils; all had 
approximately the same effect on the 
motility of boar spermatozoa. The effect 
of DDT on motility was slower than was 
the case with the other insecticides, and 
this may have been because of its extreme 
water insolubility (0.0002 ppm). The 
postulated inhibition of cell permeability 
may not be the only effect of the insecti- 
cides on spermatozoa, and some of the 
compounds (particularly TEPP) may 
affect the cells through different mecha- 
nisms. 

In this exploratory study no attempt 
was made to study fertility of treated 
spermatozoa, and in view of the non- 
specific inhibition of motility observed, 
it is unlikely that fertility tests would 
yield any useful information. The motility 
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and fertility of spermatozoa produced by 
treated animals might be of interest. 

SumMAryY.—1. Of the insecticides tested 
(DDT, methoxychlor, BHC,  aldrin, 
parathion, malathon, and TEPP) only 
methoxychlor had an appreciable inhibi- 
tory effect on the oxygen consumption of 
washed ejaculated spermatozoa of the 
domestic boar. 

2. With the exception of BHC, none 
of the tested insecticides had more than 
a weak inhibitory effect on glycolysis of 
boar spermatozoa. 

3. All the insecticides tested had a dis- 
tinct inhibitory effect on the motility of 
boar spermatozoa. 

4. It was postulated that the insecti- 
cides inhibited motility through their 
altering the permeability of the cell 
membrane. 
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Corn Earworm Investigations in Florida! 






N. C. Haysurp, E. G. Ketsnemer, W. H. Tuames, Jr. and J. W. Witson, Entemologists, 
Florida Agricultural Experiment Stations, Ft. Pierce, Bradenton, Belle Glade and Sanford, 


The first commercial production of 
sweet corn in Florida was reported in the 
1947-48 season. Scruggs (1952) reported 
that Florida produced 33,500 acres of 
green corn during the 1951-52 season and 
that the crop was valued at $8,955,000. 
The establishment of sweet corn as one of 
the major crops produced in Florida is 
attributed largely to successful control 
of insects with the newer insecticides. 
The use of 5 to 10 per cent DDT dust, 
applied with airplanes and high-clearance 
power dusters every one to three days 
during the silking period, has produced a 
high percentage of corn earworm, Heli- 
othis armigera (Hbn.), free ears in many 


Florida, Respectively 








of the commercial sweet corn plantings. 
Other plantings, however, have suffered 
very serious damage due to corn earworms 
despite the intensive use of DDT dust for 
their control. These failures to control 
corn earworms called attention to the 
effect of population levels upon the eftec- 
tiveness of DDT dust. Corn earworm egg 
deposition was noted to be light during the 
fall, winter and early spring in most loca- 
tions. The number of eggs increased 
greatly in the late spring; it was in these 
heavily infested fields that dusts were not 
commercially effective. 


rk 


1 Florida Agricultural Experiment Station Journal Series, No. 
58. 
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In an effort to find a more effective 
and economical control for corn earworms, 
spray treatments were investigated in the 
spring of 1948, and these studies have 
continued since that time. A coordi- 
nated research program was started in 
1951 in order to allow for a more thor- 
ough investigation of the major phases of 
insecticide treatments. Results of these 
investigations were published (Wilson— 
1952, Thames—1952, Hayslip—1952, Wil- 
son et al.—1952) and the program was con- 
tinued in the spring of 1952. A report of 
the 1952 investigations is made _ below. 
Each author, in addition to developing 
his special phase of the work, tested a 
“Standard” and a “Special” DDT-oil 
formulation and each included a DDT 
dust treatment. 

AN EvaLuaTIon OF INSECTICIDES 
(BRADENTON).—A planting of FM Cross 
sweet corn was made on February 18, 
1952, in rows 54 inches apart. Each plot 
consisted of a row 50 feet in length and 
each treatment was replicated four times. 

The corn was sprayed at intervals, 
starting March 6, with 2 quarts of 25 per 
cent DDT emulsion to 100 gallons of 
water for the control of budworms, and 
spraying ceased when the corn was in full 
tassel. This spraying was done with a high- 
clearance power sprayer. 
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The corn earworm sprays were applied 
with a 4-gallon knapsack sprayer equipped 
with an 8002 Teejet nozzle, at pressures of 
approximately 60 pounds per square inch. 
Constant agitation of the spray materials 
was maintained while the spray was being 
directed toward the silks. The operator 
sprayed on both sides of the row. The dust 
was applied with a hand rotary duster. 

A list of treatments is included in table 
1. Ten DDT dust applications were made 
at 2-day intervals, beginning when the 
first silks appeared and discontinuing 
when the silks were dry. The “Special” 
DDT spray formulation was applied 9 
times at 2-day intervals, and the “Stand- 
ard” DDT spray formulation was applied 
7 times, with the first two treatments 2 
days apart and the balance at 3-day inter- 
vals. These DDT formulations were first 
applied 2 days after the first silks ap- 
peared. All other insecticidal formulations 
were applied 10 times, with the first ap- 
plication when the first silks appeared and 
the last when the silks were dry. 

Discussion of results—The corn ear- 
worm infestation was heavy and uniform. 
Some infested ears contained as high as 8 
third instar larvae. Cool weather delayed 
maturity of the corn, necessitating more 
sprays than ordinarily would be required. 
Mineral oil produced a yellowing of the 


Table 1.—An evaluation of insecticides for the control of corn earworm. 








TREATMENT FoRMULATION 


. Check 
2. DDT dust 
3. DDT (Special)! 5% em! 

. DDT (Standard)? % em 

. Metacide f em 

. Parathion 5% em 

. Parathion 5% W' 

. Endrin - em? 

. Dieldrin - em® 

10. DDT 5% em 
ll. DDT 4% em 
12. Methoxychlor 25% em 
13. Heptachlor 25% em 
14. Chlordane 48% em 
15. Rhothane 25% em 
16. Malathon 25% em 


Formula- 


Rate PER ACRE 
~ Per CENT 
Diluted WorM-FREE 

Spray Ears Rank? 

2.5 6 

35 lbs. : 94.0 

4 qts. 96.0 

4 qts. 73.0 
12 oz. 51.0 

1 qt. 65.5 

2 Ibs. 52. 

1 qt. 28. 

1 qt. 65.é 

2 qts. 94. 

1 qt. 85. 

2 qts. 35.5 

2 qts. 59. 

1 qt. Vee 

2 qts. 78. 

1 qt. 69.5 





tion 








! Special DDT + oil combination is: 4 qts. 25% DDT em, containing 15% emulsifier “B” and 60% Xylene +2.5 gal. oil +46.5 gal. 


Standard DDT +oil combination is: 4 qts. 25% DDT em, containing 5% Triton X-155 and 70% Xylene +2.5 gal. oil +46.5 gal. 
O 


§ em =emulsifiable concentrate. 
‘ W =wettable powder. 

0.5 Ib. active ingredient per 1 gallon. 
6 1.5 Ibs. active ingredient per 1 gallon. 


? Based upon analyzed data of No. of worm-free ears at odds of 19:1. No. 1 =best, No. 6 =poorest. 
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corn plants but it did not decrease the 
vield, so yield data are not included. 
Measurements of unfilled tips were made 
on 20 ears from each plot but no differ- 
ence was found. 

The results of the earworm treatments 
are given in table 1. The best treatments 
were DDT dust, DDT 25 per cent emul- 
sion, 2 quarts to 100 gallons of water, and 
the DDT “Special” oil treatment. The 
poorest treatments were the check and 
chlordane, which fell in the same group. 

The corn leaf aphid, Aphis maidis 
Fitch, was unusually abundant in the tips 
of the ears. No aphid infestations were 
noted on ears of sweet corn from plots 
treated with 5 per cent DDT dust, Meta- 
cide, parathion, endrin, dieldrin, 34 per 
cent DDT, heptachlor, chlordane, or 
malathon. Ears of corn on plots treated 
with 25 per cent DDT emulsion and DDT 
emulsion+mineral oil were as_ heavily 
infested with aphids in the tips of the ears, 
as were the check plots. 

DDT Spray Formvnations§ (Fr. 
Pierce).—A planting of Ioana sweet corn 
was made on March 20, 1952, in rows 
spaced 42 inches apart. There were 18 
treatments and 5 replications. Each plot 
consisted of two rows 26 feet in length, 
with a buffer row between plots. 

The corn grew very rapidly, producing 
a dense foliage and numerous suckers. A 
strong wind and rain caused the suckers 
to lodge and it was necessary to remove 
some of them in order to facilitate treat- 
ment. 

The fall armyworm, Laphygma frugi- 
perda (A. and §.), population was moder- 
ate; these were controlled by applications 
of 50 per cent wettable DDT at about 
weekly intervals until the corn tassels 
began to appear. Zineb was added to the 
insecticide spray for the control of Helmin- 
thosporium leaf blight. These sprays were 
applied with a 6-row power sprayer, using 
3 nozzles per row, until the corn became 
too tall. The last fall armyworm and 
zineb sprays were applied with a boom 
carried by hand. 

The corn earworm sprays were applied 
with two 2.5 gallon compression-type 
hand sprayers, equipped with pressure 
gauges and Teejet 9502 flat fan-type 
nozzles. The operator held the nozzle 
above the silking zone and directed the 
spray downward to cover the silks. The 
nozzle was carried along one side of the 
row and back the other, giving the equiva- 
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lent of two nozzles per row. Fifty gallons 
of spray were applied per acre at pressures 
of 50 to 60 pounds per square inch. Plot 
No. 15 (Table 2) was sprayed with a 
power sprayer at about 100 pounds pres- 
sure. Four nozzles per row were directed 
into the silking zone from slightly above, 
2 nozzles on each side of the row. Teejet 
6502 tips were used. The DDT dust treat- 
ment was made with a rotary-type hand 
duster, directing the dust to the silks 
from each side of the rows. 

Data obtained included an estimate of 
the degree of yellowing of the corn plants, 
the average number of eggs per silk on 
May 15, per cent worm-free ears, total 
weight of corn (unhusked), weight of corn 
with a husked ear length of 6 inches and 
over, and average weight of ears 6 inches 
and over in length. Notes were taken on 
tip development. 

Discussion of results —As indicated by 
the untreated check plots (Table 2), 
showing 100 per cent wormy ears, this 
trial was conducted during a very severe 
corn earworm infestation. The egg count 
on May 15 showed an average of about 2.5 
eggs per silk. The heavy growth of leaves 
and suckers reduced the amount of spray 
coverage on the silks. 

It will be noted in table 2 that there was 
considerable yellowing of the corn plants 
where Blandol was used. As was expected, 
Plot No. 15, which received two more 
applications than the other spray treat- 
ments and which was applied with a power 
sprayer, had the highest average score for 
degree of yellowing. Yellowing of the corn 
was caused by the mineral oil. 

There were very small differences be- 
tween treatments in ear size and yields 
but these were not significant. Low yield 
trends were obtained in treatments num- 
bered 5 and 15. No explanation is offered 
at this time for the low yield trend in 
treatmer.. No. 5, in which the variable was 
7.5 per cent emulsifier “B” rather than 
15 per cent. Treatment 15 received two 
more spray applications than any of the 
other treatments and it is possible that 
the lower yield trend was due to these 
extra applications or to the more complete 
plant coverage in these plots obtained 
with the power sprayer. These two treat- 
ments having the lower yields also con- 
tained smaller ears of corn. 

Inspection of ear tips indicated that 
some of the spray treatments had a slight 
effect on tip development. The tip fill, 
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Table 2.—Description of DDT spray formulations and their effect on corn earworm control and 


yellowing of plants. 








Prot No. SOLVENT EMULSIFIER 


Per CENT 
Worm- 
FREE 
Ears 


PER 
CENT 
TEcH. 
DDT 


Qrs. 
DDT AMOUNT 
EMUL. OF 
PER ACRE YELLOWING® 





70%Xylene 
$07 Xylene 

60% Xylene 
72.5% Xylene 
67.5% Xylene 
85% Xylene 
70% Xylene* 
60% Xylene‘ 
70% Xylene’ 
70% Xylene 
69% Xylene 
69% Xylene 
60% Velsicol AR50*® 
60% Velsicol AR50G5 
60% Xylene 


15% Em “B”’? 
15% Em “B” 
15% Em “B” 


15% Em “B” 
15% Em “B” 


cs 
com? 
“a 


15% Em 
15% Em 
15% Em 


6 pounds of 50% wettable DDT per acre in 50 gallons water 
10% DDT dant~ -every other day—35 pounds per ac acre 


Cc heck, not treated 


19- 1 


5% Triton X-155° 


7.5% Em “B” 
5% Triton X-155 


5% Triton X-155 
5% Triton X-177° 
6% Atlas G20908 
6% Atlas G10878 


40 57 
.60 
.40 
80 
40 
20 
80 
60 
20 
.60 
.80 
.20 
20 
.20 
3.00 
.00 
40 
.60 0 


10 


25 
25 
25 
12.5 
25 
None 
25 
25 
25 
25 
25 
25 
25 
25 
25 


ad ee ee so es 
Wem ie de 0 OOS OO OO me OO 





1 Standard formulation tested also at Sanford, Bradenton and Belle Glade. 
2 Special formulation tested at above locations. This plot received 6 power sprayer applications at 2-day intervals, beginning 
2 days after the first silks AP ray All other sprays were treated with hand sprayers, 4 times at 3-day intervals beginning 2 days 


after first silks appeared. 
30 =deep green; 10= 


spray plots received 50 gallons of diluted spray per acre. 
yellow. Figures indicate the average score | for the 5 replications. 


4 Blandol oil, 2.5 gallons per acre, used in all plots exce »pt Nos. 7, 8, and 9. Glycerin, 0.5 gallon per acre used in No. 9. 


5 Velsicol Corporation. 6 Rohm and Haas. 
however, was satisfactory in most of the 
treatments. Accurate counts or measure- 
ments of tips were not possible due to the 
heavy earworm damage in many treat- 
ments. 

The effectiveness of each treatment was 
measured by examining 20 ears per plot, 
or 100 ears per treatment. The results 
based upon worm-free ears are recorded 
in table 2. The following are some of the 
more important conclusions: 

1. Six power sprayer applications at 2- 
day intervals gave better control than 
four hand sprayer treatments at 3-day 
intervals, using the same formulation and 
rate of application. 

Four quarts per acre per treatment 
of a 12.5 per cent DDT emulsion gave 
fewer worm-free ears than an equal 
amount of 25 per cent DDT emulsion, 
both used with 2.5 gallons of mineral oil 
per acre and diluted with water to make 
50 gallons of spray. 

Blandol with xylene and emulsifier 
“B,” but without DDT, gave only 4 per 
cent worm-free ears, indic: iting that these 
materials as applied had little insecticidal 
qualities. 

4. Six pounds of 50 per cent wettable 
DDT per acre per treatment applied in 


7 L. Sonneborn Sons, Inc. 


8 Atlas Powder Co. 


50 gallons of water was inferior to sprays 


with DDT-oil emulsion, DDT emulsion 
without oil, and 10 per cent DDT dust. 

5. Of the emulsifiers tested, Triton 
X-155 gave the lowest (57 per cent) and 
Atlas G1087 gave the highest (71 per 
cent) worm-free ears. 

6. The use of mineral oil with the DDT 
emulsion resulted in a larger percentage 
of worm-free ears than where the DDT 
a was used alone. 

. DDT emulsion sprays without oil 
a only slightly more worm-free ears 
than 10 per cent DDT dust. 

Three quarts of 25 per cent DDT 
emulsion with mineral oil gave control 
equal to 4 quarts with mineral oil in this 
test. 

9. The solvents, Velsicol AR50 and 
AR50G gave 10 and 11 per cent more 
worm-free ears respectively than xylene. 

TIME AND NuMBER OF DDT Apptica- 
TIONS (BELLE.GLADE).—The purpose of 
this trial was to determine the limit be- 
yond which an increase in the number of 
applications of insecticide, or an increase 
in the protection period by lengthening 
intervals between applications, gave no 
increase in per cent worm-free ears. 

Method.—Ioana variety sweet corn was 
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Table 3.—Corn earworm control. Effect of 
varying time, interval, and number of applica- 
tions of insecticides on the per cent of worm-free 
ears. Average per cent worm-free ears of 5 
replicates and the per cent ears in silk at first 
application are shown for each treatment. Vari- 
ety Ioana, planted at Belle Glade, Florida on 
March 14, 1952. First silks appeared on May 11. 








Per CENT 





INTERVAL Ears IN PER 

BETWEEN _ SILK AT CENT 

No. oF APppPLica- First Worm- 

TrREAT- APPLICA- TIONS Appuica- FREE 
MENT!?3) TIONS (Hours) TION Ears 
1 6 48 0 92.0 

2 5 48 0 89.6 

3 t 48 0 54.4 

4 6 Irregular 0 80.0 

5 6 48 35 90 .4 

6 5 48 35 92.0 

7 + 48 35 71.2 

8 4 48 — 85.6 

9 6 72 0 83.2 

10 5 72 0 88.0 
11 $ 72 0 88.0 
12 3 72 0 55.2 
13 > 72 12 92.0 
14 4 72 12 87.2 

15 3 72 12 65.6 
16 4 96 0 65.6 

17 3 96 0 58.4 
18 4 96 12 72.8 
19 3 96 12 72.0 
20 6 48 0 71.6 
21 5 48 0 48.8 
22 + 48 0 26.4 
23 6 48 35 68.0 
24 + 48 35 55.2 
25 8 24 0 16.0 
26 8 24 35 72.0 
27 7 +8 0 52.0 
28 7 48 35 38 .4 
29 48 12 73.6 
30 Check — — 00.0 
LSD at 19:1 16.1 
LSD at 99:1 21.3 





1 Treatments 1 through 19, and 29 received 4 quarts of 25 per 
cent DDT emulsion and 2.5 gallons of Bandol in water to make 
50 gallons. 

2 Treatments 20-24, inclusive, received 4 quarts of 25 per 
cent DDT emulsion in water to make 50 gallons. 

3 Treatments 25-28, inclusive, received 5 per cent DDT dust 
at 40 pounds per acre. 


planted in rows 36 inches apart and 270 
feet long on March 19, 1952 for a random- 
ized block trial of 30 treatments repli- 
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cated 5 times. Each plot consisted of 4 
rows 35 feet long. During the pre-tasseling 
period weekly applications of 25 per cent 
DDT emulsion at the rate of 1 quart in 
100 gallons of water were made to contro] 
a moderate infestation of fall armyworms 
feeding in the buds. 

Treatments.—Treatments 1 to 19 inclu- 
sive (Table 3) consisted of applications of 
a mixture containing 4 quarts of 25 per 
cent DDT emulsion? and 2.5 gallons of oil 
with water to make 50 gallons. This ma- 
terial was applied at the rate of 50 gallons 
per acre from a 2.5 gallon compression 
sprayer with a flat fan spray nozzle at a 
pressure of about 60 pounds per square 
inch. Each side of each row was treated. 
The nozzle was carried 6 to 8 inches 
above the average height of the top ear. 
Treatments 20 to 24 inclusive were ap- 
plied with the same equipment, using the 
same method as treatments 1 to 19 inclu- 
sive. The insecticide mixture was the 
same except that no mineral oil was used. 
Treatments 25 to 28 inclusive received 40 
pounds per acre of a 5 per cent DDT dust 
which was applied to each side of each 
row with a rotary hand duster, directing 
the dust at the silks of the top ears. Dusts 
were applied in the early morning when 
the silks were wet with dew. 

Treatment 29 was applied with four 
nozzles attached to a length of 0.5 inch 
pipe rigged to resemble a “drop” of a 
high clearance sprayer. This “drop” was 
attached to a 4-foot spray boom and a long 
spray hose and carried over the shoulder 
of the operator. The pump pressure was 
100 pounds per square inch and the insec- 
ticide mixture was applied at the rate of 
50 gallons per acre with two nozzles to 
each side of the row. The insecticide con- 
sisted of 4 quarts of 25 per cent DDT 
emulsion,’ 2.5 gallons of oil and water to 
make 50 gallons. 

In addition to the different materials, 
the treatments differed in the time of ap- 
plications with relation to silking stage, 
the interval between applications, and the 
number .of applications as shown in 
table 3. 

The time at which treatments were 
started was based on the per cent of 
plants with ears in silk as determined by 


2 Prepared as follows: Technical DDT, 25 per cent; xylene 
70 per cent; and Triton X-155, 5 per cent by weight. 

3 Prepared as follows: Technical DDT, 25 per cent; xylene 
60 per cent; Sonneborn’s Emulsifier “B,” 15 per cent. 
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the average of five plots in each block. 
On May 10 no ears were in silk. On May 
11 from 1 to 3 per cent were silking, and 
on May 13 the average in silk was 35 
per cent. The variation in per cent of 
plants with ears in silk from plot to plot 
by May 13 was considerable. The range 
was from 18 per cent in one plot to 66 per 
cent in the most advanced plot. These 
differences resulted in variations in con- 
trol obtained for different replicates of the 
same treatment. 

At maturity on May 28 the primary 
ears were harvested, and 25 ears from 
each plot were examined to determine the 
per cent of ears free of corn earworms or 
their damage. Ears were considered in- 
fested if earworms were in the silk chan- 
nel. The total yield in pounds was re- 
corded for this harvest, and for all ears 6 
inches or longer obtained at the second 
harvest 3 days later. Differences in yield 
were not significant, and yields are there- 
fore omitted from the table of results. 

Discussion of Results —The variation in 
per cent worm-free ears between replicates 
of the same treatments was too great to 
permit statistical separation of the best 
treatments. Sixte.n per cent is required to 
show significant difference at the 5 per 
cent confidence level and 21 per cent at 
the 1 per cent level. This variation is 
attributed to the lack of uniformity in 
silking, and in the height of the top ears 
which hindered uniform application of the 
treatments. 

The DDT-oil mixtures were superior to 
DDT emulsion without oil and to DDT 
dusts at the level of infestation experi- 
enced in this trial. 

It appears that sweet corn of this 
variety must be protected for the period 
beginning the day after the first silks 
appear through the fourteenth day after 
silking. 

The principal benefit of an increased 
number of applications was that of ex- 
tending the period of protection. Similarly 
an increase in the interval between appli- 
cations of a treatment had the same effect, 
provided this interval was not so long as 
to allow the application to become in- 
effective. 

A higher number of worm-free ears was 
obtained by delaying the date of the first 
application until the third or fourth day 
after silking began in treatments limited 
to 3 or 4 applications. Compare treat- 
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ments 3 and 7, 12 and 15, and 17 and 19, 
as shown in table 3. 

The most effective interval between 
applications will vary with the total num- 
ber of applications, and with the insecti- 
cide formulations used. With four appli- 
vations of the DDT-oil spray, best con- 
trol was obtained at the 72-hour interval; 
with three treatments the best interval 
was 96 hours. With the 5 per cent DDT 
dust, 8 applications with 24-hour inter- 
vals gave 72 per cent worm-free ears, 
while 7 with 48-hour intervals gave only 
38 per cent worm-free ears. This informa- 
tion indicates that DDT dusts require a 
shorter interval between treatments than 
do the DDT-oil sprays. 

An analysis of eight treatments from the 
1951 and 1952 trials was made. These 
treatments shown in table 4 were selected 
because they were almost the same with 
respect to material applied, interval be- 
tween applications, and time of starting. 
The resulting per cent worm-free ears for 
each similar treatment compares very 
closely for the 2 years. The F test shows 
no significant difference between the two 
seasons. This comparison shows that, 
under the conditions of the trials, no dif- 
ference in worm-free ears may be ex- 
pected with the DDT-oil mixture by 
increasing the number of applications 


beyond five. 


Table 4.—A comparison of the results of time 
and number of applications, trials conducted in 
1952, with similar treatments applied in 1951. 








Days 
AFTER 
First 
SILK AT 
First 
APPLICA- 
TION 


Per Cent Worm- 
FREE Ears 


INTERVAL 
BETWEEN 
APPLICA- 
TIONS 
(Hours) 


No. or 
APPLICA- 
TIONS! 


1951 1952 


© 


96 90.4 
92 92.0 
83 92.0 
87 87.2 
‘Cay fhy 
79 85. 
70 65. 
36 37.: 


48 
48 
72 
72 
48 
48 
72 


48 


“5 
~ 


COW Or Ow 


LSD? at 99:1 27 21.3 





1 All treatments were made with DDT-mineral oil mixture ex- 
cept for the last, in which 5 per cent DDT dust was used. 

2 LSD of average per cent worm-free for the two years is based 
on analysis of the 8 treatments shown in the table. Interaction 
between treatment and season was not significant, nor were sea- 
son differences. LSD for the 1951 and the 1952 results are those 
from analyses of 48 treatments in the 1951 trial and 30 in the 
1952 trial. 
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Mernops or AppLtyinc DDT Sprays 
(SANFORD).—Problems connected with 
the application of DDT and oil with 
water as a diluent have been studied 
during the 1951 and 1952 growing seasons. 
The factors studied in 1951 included: (1) 
the amount of water, (2) the kind of 
nozzles, (3) the number of nozzles per 
row, and (4) the pump pressure. Results 
of the 1951 experiments (Wilson 1952) 
showed that the highest per cent of worm- 
free ears was produced in plots where the 
DDT and oil were applied in 81 gallons of 
water per acre, and where the T'eejet No. 
6503 nozzle was used. 

The difference between four and five 
nozzles to the row, and the differences 
between 60, 100 and 200 pounds pressure 
per square inch, were not significant. The 
factors studied in 1952 included: (1) 
three formulations of DDT, which were 
also used by the other three authors at 
other locations; (2) the comparative 
effectivness of three flat fan nozzles hav- 
ing different widths of spray coverage; 
(3) the effect of varying the number and 
position of the nozzles used; and (4) the 
most effective amount of water to be 
used for carrying the DDT and oil. 

Methods.—Plots were four rows wide 
and 40 feet long. All the treatments were 
applied with a power sprayer equipped 
with a four-row boom. Treatments were 
arranged in four groups and randomized 
within the group with five replicates for 
each treatment. This arrangement did not 
provide for a statistical comparison of 
treatments in the different groups. The 
first group consisted of the “Special” DDT 
spray treatment and the “Standard” 
DDT spray treatment described in the 
DDT formulations section, 5 per cent 
DDT dust and a check. The insecticide 
sprays in this group were applied at the 
rate of 100 gallons of spray per acre, with 
four Teejet No. 6503 nozzles per row at a 
pump pressure of 100 pounds per square 
inch. The DDT dust was applied by a 
rotary hand duster at an average rate of 
39.5 pounds per acre at 48-hour intervals. 

In the second group of treatments 
flat fan nozzles having different angles of 
spray coverage were the varying factors. 
Four nozzles per row delivered 100 gal- 
lons of spray per acre. In the third group 
of treatments the position and the number 
of nozzles per row varied, while the pump 
pressure was maintained at 100 pounds 
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per square inch. The tractor speed was 
varied to deliver 100 gallons per acre for 
each of the treatments. In the fourth 
group of treatments four Teejet No. 6503 
flat fan nozzles per row were used with a 
pump pressure of 100 pounds per square 
inch. The speed of the tractor was varied 
to deliver 65, 100 and 125 gallons of spray 
per acre. 

Treatments in all groups were first 
applied 2 days after the first silks ap- 
peared and four subsequent spray appli- 

‘ations were made at 72-hour intervals. 
All of the spray treatments were applied 
at the rate of 2 pounds of technical DDT 
and 2.5 gallons of oil to the acre per appli- 
cation. Methods of taking samples and 
recording data were similar to those out- 
lined in the formulations section. 

Discussion of Results —An irregularity 
of silking and a very high earworm popu- 
lation during the silking period made it 
very difficult to obtain good earworm 
control. Earworm egg counts, made 4 and 
8 days after the first silks appeared, 
showed 131 and 81 earworm eggs respec- 
tively per 100 silks. Another indication of 
the very high earworm population was 
that only 6 per cent worm-free ears was 
harvested from the DDT dust-treated 
plots and no worm-free ears from the un- 
treated plots. The list of treatments and 
results are presented in table 5. 

The total yield showed no significant 
differences between any of the treatments 
in all of the groups. This indicates that 
there was no adverse effect of the DDT- 
oil treatments, although at the beginning 
of harvest the DDT-oil treated plants 
were noticeably lighter in color than the 
untreated and dust-treated plants. At 19 


Table 5.—Results of corn earworm control 
tests at Sanford, Florida, 1952. 





Pun Cane Pan Cant 
Worm-F REE Worm-F REE 
TREATMENT Ears TREATMENT Ears 
Form ulations N u mbe r of Nozzles 
Check 0 2 No. 11004 50 
Special 35 2 No. 8004 52 
py 47 5 No. 6503 88 
» DDT dust 6 Check 0 
isp (99:1) 14.9 LSD (99:1) 20.07 
Amount of Water 
Type of Nozzle! per Acre 
Teejet No. 6503 25 65 gallons 36 
Teejet No. 8004 39 100 gallons 35 
Teejet No. 11004 31 125 gallons 46 
LSD (19:1) 2 LSD (19:1) 2 











1 First two or three digits in the nozzle number indicate the 
degree of the spray angle leaving the nozzle at 40 pounds p.s.i., 
while the last two indicate the orifice size. 

2 Differences not significant. 
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to 1 odds the “Standard” formulation 
gave significantly better corn earworm 
control than the “Special” formulation, 
but at 99 to 1 odds there was no significant 
difference between the two treatments. 

Differences in per cent worm-free ears 
harvested from plots treated with the 65, 
80 and 110 degree flat fan nozzles were 
not significant. Differences between two 
110 degree nozzles, and two 80 degree 
nozzles per row were not significant, but 
these two treatments were significantly 
better than five 65 degree nozzles. Differ- 
ences between 65, 100 and 125 gallons of 
spray per acre were not significant. There 
was no indication that the DDT-oil 
treatments had interfered with pollina- 
tion. 

Conclusions.—Results of this series of 
tests indicate that applications of 2 
pounds per acre of technical DDT in an 
emulsifiable formulation containing 5 per 
cent Triton X-155 and 70 per cent xylene 
by weight with 2.5 gallons of Blandol in 
65 to 125 gallons of water, with two 80 
degree flat fan nozzles per row, will give 
satisfactory earworm control under most 
conditions. 

SumMary.—A large percentage of Flor- 


ida’s sweet corn has been produced during 
periods when there was a relatively light 
corn earworm, Heliothis armigera (Hbn.), 
population. DDT dusts have resulted in 
a high percentage of worm-free ears dur- 
ing these periods. However, a less expen- 


sive and more effective corn earworm 
treatment is needed, especially for heavy 
insect populations. A coordinated corn 
earworm research program was initiated 
in 1951, dividing the responsibility into 
the following phases: (1) an evaluation of 
insecticides other than DDT, (2) DDT 
formulation studies, (3) timing and num- 
ber of DDT-oil spray treatments, and (4) 
metheds of applying DDT-oil sprays. 
The spring, 1952, results are reported 
above. 

Variety FM Cross was used for an eval- 
uation of insecticides. Included in the 
replicated experiment were DDT dust, 
DDT emulsion, and DDT emulsion- 
mineral oil, Metacide, parathion, endrin, 
dieldrin, methoxychlor, heptachlor, Rho- 
thane, and malathon. Hand spraying 
and dusting equipment were used. The 
corn earworm population was severe. 
None of the treatments reduced the yield, 
nor did they prevent normal pollination. 
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The most effective treatments were 5 
per cent DDT dust, 25 per cent DDT 
emulsion (2 quarts) and 25 per cent DDT 
emulsion (4 quarts) plus white mineral 
oil (2.5 gallons). The poorest plots were 
chlordane and the untreated check. 

Variety Ioana was used for the DDT 
spray formulation studies. All sprays and 
dust were applied with hand application, 
except one power sprayer treatment. 
Three solvents, five emulsifiers, mineral 
oil, glycerin, wettable powder and dust 
were evaluated in this experiment. No 
yield differences and only slight differ- 
ences in pollination and ear tip fill oc- 
curred between treatments, although all 
oil treatments caused some yellowing of 
the corn plants. The following results 
were noted: (1) Six power sprayer treat- 
ments were superior to 4 hand-sprayed 
treatments, using DDT-oil emulsion; (2) 
4 quarts per acre of 25 per cent DDT 
emulsion was superior to the same quan- 
tity of 12.5 per cent, both used with 
mineral oil. Omitting DDT from the sol- 
vent-emulsifier-mineral oil formula re- 
sulted in very poor control; (3) 6 pounds 
per acre of 50 per cent wettable DDT 
was inferior to the DDT-oil emulsion, 
DDT emulsion and 10 per cent DDT 
dust; (4) the emulsifier, Atlas G1087, gave 
the highest (71 per cent) and Triton X-155 
gave the lowest (57 per cent) worm-free 
ears; (5) the addition of mineral oil to the 
DDT emulsion increased the control; (6) 
DDT emulsion without mineral oil gave 
only slightly more worm-free ears than 10 
per cent DDT dust; (7) 3 quarts of 25 
per cent DDT emulsion per acre with min- 
eral oil gave control equal to 4 quarts 
with mineral oil; (8) the solvents, Velsicol 
AR50 and AR50G gave 10 and 11 per 
cent more worm-free ears respectively 
than xylene. 

Tests conducted with Ioana _ variety 
sweet corn for the purpose of determining 
the number of applications, interval be- 
tween applications, and time to initiate 
applications of three formulations of DDT 
to control the corn earworm showed that, 
with the level of infestation occurring 
during the silking period of this trial 
(May) best control was obtained with 
five and six applications at intervals of 
48 hours of a DDT-mineral oil mixture. It 
appears that there is a period of about 12 
days during which ears must be protected. 

Methods of applying DDT sprays were 
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investigated, using a tractor-drawn 4-row 
power sprayer and a rotary-type hand 
duster. Treatments were divided into 4 
groups, as follows: (1) formulations; (2) 
type of nozzles; (3) number of nozzles per 
row; and (4) the amount of liquid applied 
to one acre. Yields and pollination of corn 
were not affected by any of the treat 
ments. The two DDT-oil spray formula- 
tions tested were superior to 5 per cent 
DDT dust. Differences between plots 
treated with 65, 80 and 110 degree flat 
fan nozzles were not significant. Five 65 
degree nozzles per row gave poorer con- 
trol than did two 110 degree or two 80 
degree nozzles per row. Differences be- 
tween 65, 100 and 125 gallons of spray 
per acre were not significant. This series of 
tests shows that DDT-mineral oil emulsi- 
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fied with 65 to 125 gallons of water, and 
applied with two 80 degree flat fan nozzles 
per row gave the best corn earworm con- 
trol. 

The variation in control obtained at the 
different locations with DDT dusts is 
difficult to explain. There is evidence that 
timing of the treatments may account for 
these differences. In the timing studies, 
seven treatments made at 24-hour inter- 
vals resulted in 72 per cent worm-free 
ears when the first application was made 
when 35 per cent of the corn had silks. 
Only 16 per cent worm-free ears were 
obtained when the treatments began 
before the first silks appeared.! 


1 Acknowledgments.—The authors wish to express apprecia- 
tion to Drs. A. N, Tissot and D, O. Wolfenbarger for reading 


this manuscript and making many helpful suggestions. 
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The Effect of Certain Microorganisms and Anti- 
biotics on Stored-Grain Insects! 


Epwarp A, Sternavs and C. Ritcure BEL,” Department of Biological Control, 
University of California, Berkeley 


The milling industry annually uses mil- 
lions of bushels of wheat most of which is 
stored progressively in bins and country 
elevators, shipped bulk in boxcars to mills, 
stored in mill elevators, and then proc- 
essed into flour, feed, and other wheat 
products. Beginning in the farmer’s bins 
this wheat becomes infested with insects 
and becomes increasingly contaminated 
in the country elevators and in shipping; 
the resulting loss of grain is tremendous 
and fragments of insects are carried 
through into the flour or other end prod- 
ucts. 

Numerous methods and_ procedures 
have been devised and used to cope with 
the problem of insect infestation of wheat 
and other stored grains. Control of the 
insects has been instituted through the 


use of fumigants, insecticides, and im- 
proved storage practices. Although suc- 
cessful under certain circumstances, these 
methods have not afforded the degree 
and inexpensiveness of control desired by 
the milling industry. Apparently, an ideal 
solution to the problem would be the ad- 
dition of some inexpensive additive to the 
grain that could be applied by the farmer 
as he brings his wheat in from the field, 
and that would thereafter either repel the 
insects or rapidly kill any that might get 
into the wheat. It would be desirable that 
such protection be effective for at least a 


Parp Paper. Sa 

1 This investigation was supported by a generous grant-in-aid 
from General Mills, Inc., Minneapolis, Minnesota. * 

2 The authors gratefully acknowledge the assistance of Nancy 
S. Scherer and Mariece M. Batey in the technical performance 
of certain parts of this study. 
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year. Certain so-called “protectants” 
have to some extent approached this ideal 
but apparently they have not solved the 
problem from the miller’s viewpoint. 
Costs even as low as 2 cents a bushel in the 
aggregate amount to tremendous costs for 
large milling industries. 

‘THE SUSCEPTIBILITY OF STORED-GRAIN 
Insects TO MuIcROORGANISMS.—Inas- 
much as the use of chemical poisons has 
not as yet brought about a solution of the 
stored-grain insect problem to the satis- 
faction of the milling industry, a prelimi- 
nary survey of the possibilities associated 
with the use of microorganisms patho- 
genic to the insects has appeared worth- 
while. Virtually nothing has been known 
concerning the use of microorganisms in 
the possible control of stored-grain in- 
sects, making it almost impossible to 
speculate as to the potentialities involved. 
Certain factors, such as the general lack 
of susceptibility of adult beetles to micro- 
bial infection and the relative inaccessi- 
bility of the larvae of some species inside 
the grain kernels, do give reason to be 
pessimistic about achieving marked suc- 
cess along these lines. The fact that sev- 
eral different species of insects are usually 
involved at any one time also complicates 


the picture. Nevertheless, a satisfactory 
conclusion or judgement concerning the 
possible use of microbial control methods 
cannot be arrived at until at least some 


preliminary experimentation has been 
performed. To accomplish this has been 
one of the purposes of the investigation 
being here reported. The second objective 
was to determine the effect of the oral ad- 
ministration of antibiotics on the intra- 
cellular microorganisms occurring in cer- 
tain species of stored-grain insects, and 
the accompanying effect these drugs 
might have on the insects. 

For reasons of convenience the present 
report is divided into two sections, one 
having to do with the susceptibility of 
stored-grain insects to microorganisms, 
the other being concerned with the effect 
of antibiotics on stored-grain insects. 

MarTeRIALS) =6AND = =©Merruops.—The 
stored grain with which we were primarily 
concerned in this investigation was wheat. 
Accordingly, the following pests of this 
grain were used in our studies: the granary 
weevil, Sttophilus granarius (Linn.); the 
rice weevil, Sttophilus oryza (Linn.); the 
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lesser grain borer, Rhizopertha dominica 
(Fabr.); the confused flour beetle, Tri- 
bolium confusum Duv.; and the angou- 
mois grain moth, Sitotroga cerealella 
(Oliv.). All strains of these insects used in 
the infectivity tests were obtained from 
local sources of infested grain. Cultures 
of these insects were maintained in gallon 
jars one-third full of wheat held at the ap- 
propriate temperatures and humidities 
for each species. Only adult insects were 
used in the infectivity tests. 

No microorganisms specifically and dis- 
tinctly pathogenic for any of the above- 
named insects are known. For this reason 
it was necessary for us to assemble micro- 
organisms known to be pathogenic for 
other insects or thought to be potential 
pathogens under certain conditions, and 
then to test the stored-grain insects for 
their susceptibility to these pathogens. 
It might also be mentioned that no viruses 
are known to be capable of infecting co- 
leopterous insects; most virus infections 
are limited to Lepidoptera and Hymenop- 
tera. The microorganisms collected and, 
during the course of this investigation, 
tested for their pathogenicity to the grain 
insects are listed in table 1. 

The susceptibility tests were run in 
petri dishes, half-pint cartons, and in 
one-gallon glass jars, each type of con- 
tainer being partially filled with grain 
into which the test insects were intro- 
duced. Varying concentrations of the test 
microorganisms were incorporated in the 
grain either as a dust or by emmersing 
the grain in an aqueous suspension (with 
blood albumen added to enhance the 
spreading qualities) of the microor- 
ganisms after which the kernels were 
quickly dried in the air or in a warm oven. 
Appropriate controls were used in all 
tests. Injection of the microorganisms 
directly into the body cavity of the insects 
was not done since this form of artificial 
introduction of an organism is, in our 
opinion, an inadequate test of the natural 
susceptibility of an insect to an infectious 
agent. 

Resutts oF Inrectivity TEsts.—In 
general, none of the infectivity tests re- 
vealed any great degree of susceptibility 
of the stored-grain insects to the test 
microorganisms, at least under optimum 
rearing conditions for the insects. The re- 
sults are tabulated in Tables 2, 3, 4 and 5 
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Table 1.—The microorganisms used to test the susceptibility of the stored-grain insects studied. 
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Name of Microorganism 


Source (Insect or Collection of) 





Bacteria 






Bacillus thuringiensis Berliner (0-3-30) 
Bacillus thuringiensis Berliner (0-3-33) 
Bacillus thuringiensis Berliner (58-1-1) 
Bacillus thuringiensis Berliner (57-1-1) 
Bacillus thuringiensis Berliner ( B-14) 





B. alvei Cheshire & Cheyne 






B. laterosporus Laubach 
B. subtilis Cohn emend. Prazmowski 
B. cereus Frankland & Frankland 








B. pumilis Bottheil 
B. megaterium De Bary 
B. popilliae Dutky 










Serratia marcescens Bizio 
Serratia marcescens Bizio 
Serratia marcescens Bizio 
Sarcina lutea Schroeter 

Pseudomonas sp. 








B. cereus Frankland & Frankland (var. mycoides Fliigge) 


B. popilliae Dutky mixed with B. lentimorbus Dutky 





Ephestia kiihniella Zeller 

Ephestia kiihniella Zeller 

Aphomia gularis (Zeller) 

Plodia interpunctella (Hbn.) 

Peridroma sp. 

Nathan R. Smith (No. 686) (originally iso- 
lated from Apis mellifera Linn.) 

Nathan R. Smith (No. 661) 

Nathan R. Smith (No. 231) 

Nathan R. Smith (No. 201) 

Nathan R. Smith (No. 233) 

Nathan R. Smith (No. 236) 

Nathan R. Smith (No. 234) 

Popillia japonica Newm. (USDA) 

Popillia japonica Newm. (“Japonex’’)! 

Dacus dorsalis Hendel 

Robert S. Breed (18-1-3) 

Robert S. Breed (6-42) 

Dept. of Bact., Univ. Calif. 

Pyrausta nubilalis (Hbn.) 





Fungi 
Beauveria bassiana Bals. 






B. bassiana Bals. 

B. bassiana Bals. 

B. globulifera (Speg.) 

Metarrhizium sp. (probably M. anisopliae (Metch.) 
Metarrhizium sp. 














American Type Culture Collection (No. 
9835) 

Crambus bonifatellus (Hulst) 

Pyrausta nubilalis (Hbn.) 

Euphydryas chalcedona (Dblidy. & Hew.) 


Oryctes rhinoceros Linn. 
Polyphylla barbata Cozier 











Protozoa 
Nosema sp. 

Plistophora sp. 

Perezia pyraustae Paillot 







Unidentified cutworm 
Unidentified cutworm 
Pyrausta nubilalis (Hbn.) 















Chittick. 









and, as they pertain to each of the insect 
species tested, are here summarized 
briefly. 

Sitophilus oryza.—The rice weevil ap- 
peared to be susceptible in varying de- 
grees to four species of the microor- 
ganisms tested: Bacillus thuringiensis 
(three strains), Bacillus cereus, Serratia 
marcescens (two strains), and Beauveria 
bassiana. Only B. thuringiensis appeared 
to exhibit the consistency and vigor of 
infection indicative of a true pathogen. 

In the experiments using Bacillus 
thuringiensis as the test organism, the 
bacteria were applied either by immersing 
the grain in an aqueous suspension of the 
spores, followed by drying, or by incorpo- 
rating dry spore dust with the grain. The 
grain was placed in petri dishes and the 
weevils (5 to 20) added. It is presumed 
that the spores are ingested by the adult 
insects while eating through the outer 
coat of the seed. The weevils died, ap- 






















1 The “Japonex” used in these experiments was obtained from Fairfax Biological Laboratory through the courtesy of Mr. H. A. 









parently of infection, from as early as 
three days to as long as 24 days after ex- 
posure. Most of the deaths took place 
within 14 to 21 days. 

External evidences of infection with 
Bacillus thuringiensis were slight, a grad- 
ual lessening of mobility being about the 
only significant symptom observed. 

Histological sections of the diseased 
weevils showed the presence of Bacillus 
thuringiensis (as confirmed by micro- 
scopic and cultural examinations) in the 
body cavity of the insects. The vegetative 
cells of the bacillus occurred freely in the 
hemocoele of the insect as well as congre- 
gated in masses at the surfaces of various 
tissues (fat, muscle, and epithelial). The 
presence of the bacteria in the hemocoele 
indicates the occurrence of a bacteremia, 
with death possibly resulting from a septi- 
cemia. 

Not all strains of Bacillus thuringiensis 
tested were pathogenic for the rice weevil. 
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Table 2.—Results of infectivity tests in the rice weevil, Sitophilus oryza (Linn.), using various 


microorganisms. 








MicroorcaNism 


Form of 
Microbial 
| Preparation 


Strain | 
Num- 


Insects 
ber 


Name 





Bacillus 
thuringiensis Berliner 
thuringiensis Berliner 
thuringiensis Berliner 
thuringiensis Berliner 
thuringiensis Berliner 
alvei C. & C. 
laterosporus Laubach 
subtilis Cohn emend. 
Prazmowski 
cereus F. & F. 
megaterium De Bary 
cereus var. mycoides 
(Fliigge) 
pumilis Bottheil 
popilliae Dutky 
popilliae Dutky \ 
lentimorbus Dutky | 
Serratia 
marcescens Bizio 
marcescens Bizio 
marcescens Bizio 
Sarcina lutea Schroeter 
Pseudomonas SP. 


| suspension 
suspension 
suspension 
suspension 
dust 
suspension 

| suspension 


| suspension 
suspension 
| suspension 


suspension 
| suspension 

suspension 

“Japonex” 
| dust 


) 
Sows oe Ce ee a) 


3 | suspension 
suspension 

| suspension 
suspension 
suspension 


10 
10 


Total 
Number | | of Dew 
(and %) Not 
Tested | Dead 


| ReEsvuLts wITH 
Resvts WITH Test INSECTS | ContRoL InsEc TS 
| Per. . 
Cent of | 
Total | Number 


| amor 


| Number 
| (and 9 


(and % 
Dead |Number| Dead 
and Insects | (Not 
| Infected | Infected | Infected | Tested Infected) 


Infected 
| 

(45) | (0) | 9 (100) 
| 6 (86) 1 (14) 

}o °@) 

0 (0) 
‘27 (100) 
| 2 (40) 
0 (0) 


oe 
or 


(20) 
(20) 
(40) 
(40) 


SScou 


eceoo oo oof 
—_ 








> > Pr be ee ee 


0 
6 
t 
10 
5 
| 
| 
| 
| 2 


1 
3 
+ 
| 2 
| 4 
4 
0 
0 





—— 
one 
* 


'40* (100) 





10 
10 


‘ent 
dust 


Beauseria Sessions (Bals.) 
globulifera (Speg.) 

Metarrhizium sp. |probably 
M., anisopliae (Metch.)} 

Metarrhizium sp. 


10 3 
10 5 


dust 
dust 


Nosema sp. _) 
Plistophora sp. } 
Perezia pyraustae Paillot 





10 1 
10 0 


suspension 
suspension 











10 (100) | 


| 2 (20) 
| 0 (0) 


(0) 
(0) 


(100) | 


| 
3 (100) | 0 
5 (100) | /0 


(30) 
(50) 





| 


1 (100) 0 (10) | Oo 
(0) | 0 0 (0) 0 


(10) 
(0) | 0 


10 
10 





* Deaths presumably caused by the talc used as a carrier in the spore powder “Japonex.” Tale without spores was used in the 


controls, 


t Although bacteria similar in morphology to B. alvei were seen in these dead insects, they were not identified and these 


deaths are of questionable etiology. 


The greatest mortality (90 per cent) was 
obtained with strain B-14 used as a dust. 
Strains 0-3-30 and 0-3-33 killed 45 and 5 
per cent respectively of the test weevils. 
No evidence of infection was obtained 
when strains 57-1-1 and 58-1-1 were used. 
(See table 1 for the original source of these 
strains. ) 

Since the tests just referred to were run 
with few weevils in a few grams of grain 
placed in petri dishes, it was considered 
advisable to perform similar tests using a 
greater number of insects in a greater 
quantity of grain. Accordingly, 250 rice 
weevils were placed in gallon jars con- 
taining 1200 grams of grain into which 
had been incorporated 5 grams of Bacillus 
thuringiensis spores. One such jar con- 
tained one-week-old spores, another two- 
year-old spores, and a third, the control, 
contained no spores. The jars were held at 
room temperature (about 25° C). After a 
period of 90 days (three months), and 
again after 150 days (five months), the 


dead and living weevils in each jar were 
counted and comparisons made. The re- 
sults are presented in table 5 (‘First 
Expt.”). By the time the 90-day counts 
were made the population in the jar con- 
taining two-year-old spores, as well as 
that in the control jar, had increased 
from 250 to 682 insects and from 250 to 
336 insects respectively. The probable re- 
duction in numbers of living insects 

‘aused by the two-year-old spores ap- 
parently took place early and was missed 
by delaying the count for 90 days. A re- 
duction (from 250 to 136 living weevils) 
was still evident in the case of the jar 
containing week-old spores, although the 
total population (living plus dead) was 
379 insects. 

After 150 days the numerical popula- 
tion increase was from 250 to 10,925 
weevils (4351 per cent) in the jar contain- 
ing grain treated with week-old spores, 
from 250 to 5658 (1890 per cent) in the 
jar containing grain treated with 2-year- 
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Table 3.—Results of infectivity tests in the granary weevil, Sitophilus granarius (Linn.), using 











MICROORGANISM 


Resvutts wits Test Insects 








RESULTS WITH 
ConTROL INsEcTs 





| | | | Per | Per | 
| | Number | Cent of | Cent of | Number 
| | Total (and %) | Total | Number | Total | | (and %) 
Strain Form of || Number) Number | of Dead Dead | (and %) Dead | Number Dead 
Num- Microbial | Insects | (and %) Not Not of Dead and Insects (Not 
Name ber Preparation Tested Dead Infected | Infected Infected | Infected | Tested | Infected) 
Bacillus | | 

thuringiensis Berliner  0-3-30 | Grain soaked 20 9 (45) | 2 (22) 10 7 (78) | 35 | 2 5 (25) 

in culture | 

thuringiensis Berliner | 0-3-33 | Grain <a 20 10 (50) | 3 (30) 15 7 (70) | 35 | 20 5 (25) 

in culture 

thuringiensis Berliner |57-1-1_ | Grain soaked | 20 | 5 (25) | 4 (80) 20 1 (@)} 5 | 10 5 (50) 

in culture | | 

thuringiensis Berliner 58-1-1 | Grain soaked 20 5 (25) | 4 (80) 20 | 1 = (20) 5 | 10 5 (50) 

in culture 

thuringiensis Berliner B-14 Spore dust | 30 10 (33.3) | 0 (0) | 0 10 (100) $3.3 | 10 2 (20) 

alvei C.& C. 0-3-1 Grain soaked 10 6} 8 (80) | (67) 20 | 1f (33) | 10 10 5 (50) 

in culture | | 

laterosporus Laubach | 0-3-6 | Grain soaked| 10 4 (40) | 4 (100) 40 0 (0)!| Oo 10 5 (50 

in culture | 

subtilis Cohn emend, | 0-3-18 | Grain soaked| 10 5 (50) | 5 (100) 50 0 (0) 0 10 5 (50) 

Prazmow ski in culture | 

cereus F. & 0-3-23 Grain soaked 20 8 (15) | 2 (67) 10 1 (383) | 5 10 | & (50) 

in culture | 

megaterium De Bary | 0-3-31 | Grain soaked 10 2 (20) | 2 (100) 20 0 (0) 0 10 5 (50) 

in culture | } 

cereus F, & F. (var. | 0-3-34 Grain soaked | 10 5 (50) | 5 (100) 50 0 (0) 0 10 5 (50) 

mycoides Fliigge) in culture | | 

pumilis Bottheil 0-3-37 Grain soaked 10 4 (40) | 4 (160) 40 0 (0) | ae (50) 

in culture 

popilliae Dutky Grain soaked 10 | 4 (40) | 4 (100) 40 0 (0) | Oo 10 | 6 (60) 

in culture } | 

nopilliae Dutky “Japonex’ 40 7.5) |31* (100) 77 0 (0) | Oo 40 35° (87.5 

em a a Dutky f dust | | | 
Serratia | | 

marcescens Bizio 0-11-3 | Grain soaked 5 0 (0) | 0 (0) | 0 10 (0) | 0 5 | 0 (0) 

in culture | | | 

marcescens Bizio 0-8-7 | Grain soaked | 5 3 (60) | 3 (100) | 60 | 1 (100); 20 5 |0 (0) 

in culture | I } 

marcescens Bizio 0-8-13 | Grain soaked | 5 1 (20) | 0 (0) | 0 0 (0); O 5 {10 (0) 

in culture 
Sarcina lutea Schroeter | 0-5-1 Grain soaked | 10 0 (0) | 0 (0) | Se 4 10 0 (0) 
|  inculture | } | 
Pseudomonas sp. 25-22-2 | Grain soaked | 10 $ (80); 1 (88) | 10 [2 (7)! @ ; 10 0 (0) 
in culture | | | | 
Beauseria | | | 

bassiana (Bals.) Spore dust 10 9 (90) | 6 (67) | 60 3 (33) 30 | 10 1 (10) 

globulifera (Speg.) Spore dust 10 10 (100) 10 (100) 100 0 (0) 0 10 6 (60) 
Metarrhizium sp. (prob. | | | } 

M. anisopliae) ~~ Spore dust | 10 6 (60) | 6 (100) | 60 0 (0) | O ;} 10 6 (60) 
Metarrhizium sp. Spore dust | 10 5 (50) | 5 (100) 50 10 (0); O | 10 {6 (60) 
Nosema sp. \ Grain soaked 10 4 (40) | 4 (100) | 40 | 0 (0) 0 10 1 (10) 
Plistophora sp. | in culture | | } | 
Perezia pyraustae Paillot — Grain soaked | 10 1 (10) | 1 (100) 10 |90 (0) 0 10 1 (10) 

in culture | | | 








controls. 


* Deaths presumably caused by the talc used as a carrier in the spore powder 





Tale without spores was used in the 





“Japonex.” 





t Although bacteria similar in morphology to B. alvei were seen in this dead insect they were not identified and this death is of 


questionable etiology. 


old spores, and from 250 to 2617 (800 per 
cent) in the untreated control. During 
this time a total of 364 weevils had died 
in the first jar (of which 46.0 per cent of 
the dead at 90 days were infected and 
83.4 per cent of the dead at 150 days, 
were infected with Bacillus thuringiensis), 
a total of 341 had died in the second jar 
(95.0 and 93.4 per cent of the dead were 
infected with B. thuringiensis at 90 and 
150 days respectively), and a total of 283 
died in the control jar none of these show- 
ing infection. In other words, starting 
with a given number of rice weevils in a 


jar with 1200 grams of grain, the popula- 
tion increase appeared to be significantly 
greater when B. thuringiensis was present 
than in controls in which this bacillus was 
not present. There also appeared to be a 
difference in population increase depend- 
ing upon the age of the spores (a greater 
increase occurring when fresh spores were 
used). 

The experiment just discussed was re- 
peated (Table 5, “Second Expt.’’) using 
100 weevils in 200 grams of wheat. In this 
instance, by the end of 30 days there had 
been a reduction in the number of living 
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Table 4.—Results of infectivity tests in the confused flour beetle, Tribolium confusum Duv., using 


various microorganisms. 








MICROORGANISM 


RESULTS WITH 
Contro Insect TS 


Resutts wits Test Insects 








Number | 
Insects | (an 
Tested | 


Form of 
Microbial 
Preparation 


Strain | 
Num- 
ber 


| 
| 


Total 
iN umber 


Dead 


Per | | 
Cent of _— 


| (and %) 


Number |_P | 
(and %) | Total | Number | Cont of | 
of Dead | Dead | (and %) | Total | Number | Dead 
%)| Not Not Dead Dead | Insects | (Not 


| Infected | Infected | Infected | Infected Tested | Infected) 





} | 
| 0-3-30 | Grain soaked} 20 | 1 


thuringiensis Berliner 
| in culture | 
0-3-33 | Grain soaked 20 | 0 
| in culture 
Grain soaked 20 
in culture 
| Grain soaked 20 
in culture 
Spore dust 30 
| Grain soaked| 10 
in culture 
Grain soaked 10 
in culture | 
0-3-18 | Grain soaked 10 
| in culture 
| 0-83-23 | Grain soaked 20 
in culture 
Grain soaked ; 10 
in culture | 
Grain soaked 10 
| in culture | 
Grain soaked 10 
| in culture | 
| Grain soaked | 
in culture | 
“Japonex” | 
dust 


thuringiensis Berliner 
thuringiensis Berliner siciial 


thuringiensis Berliner | 58-1-1 





B-14 


thuringiensis Berliner 
Cc. 0-3-1 


alvei C, 

laterosporus Laubach | 0-3-6 

subtilis Cohn emend. 
Prazmowski 

cereus F, & F. 


megaterium De Bary 
cereus F. & F. (var. 


mycoides Flii gge) 
ou Bottheil 


| 0-3-31 
| 
0-3-34 
0-3-37 | 


popilliae Dutky we= 10 


popilliae Dutky \ | 40 

lentimortus Dutky } | 

Serratia | | 
marcescens Bizio 0-11-3 | Grain soaked | 5 

| in culture 

| Grain soaked 5 

| in culture | 

| 0-8-13 | Grain soaked | 5 

| inculture | 

ber soaked| 10 

| n culture | 

/25-22- 2 | Gra ain soaked | 10 

| ; in culture 


marcescens Bizio 0-8-7 
marcescens Bizio 
Sarcina lutea Schroeter | 0-5-1 


Pseudomonas sp. 


(5) 
(0) 
4 (20) 
3 (15) | 1 


3 (6.6) | 0 
2 (20) 


(30) 
(20) 
(10) |} 0 (0) 
(0) | 0 
(30) 
(20) 
(0) | 0 
(35) 


(40) (0) 
(0) 
(0) 


0 (0) 0 | 1 (100) 0 (0) 
0 (0) | 0 

3 (75) ! 1 

(33) | | 


(0) 
2 (100) 


3 (100) | 
2 (100) 





(0) 
3 (100) | 
2 (10C) | 
(0) 


14* (0) 





(0) 
(0) 


(0) (0) | 








Beauveria | | 
bassiana (Bals.) | Spore dust | 
globulifera (Speg.) | Spore dust | 10 0 

Metarrhizium sp. (prob. | 

M. anisopliae) 

Metarrhizium sp. 


Spore dust 10 
Spore dust 10 
| Grain soaked 10 
in culture 
Grain soaked! 10 
in culture | 


Nosema sp. 
Plistophora sp.} 7 
Perezia pyrausta Paillot 


10 «| 5 (50) | 2 
(0) | 0 


2 (20) | 2 
| $ (30) | 3 


12 (20) | 1 
| | 


(40) | 
(0) | 


(100) | ( 10 
(100) | 0 


@ (20) | 2 (100) | 20 10 


(50) | 10 (50) | i; 10 





* Deaths presumably caused by the talc used as a carrier in the spore powder “Japonex. 


controls, 


insects in each of the three jars, the re- 
duction in the jars containing spores of 
Bacillus thuringiensis being greater than 
that in the spore-free control jar. By the 
end of 60 days the number of living in- 
sects in each jar had increased to between 
200 and 300 per cent. By the end of 150 
days the total per cent increase ranged 
from 3981 in the control jar to 5484 per 
cent in the culture originally inoculated 
with week-old bacillus spores. The pat- 
tern of deaths and increases in the three 
cultures is, therefore, in general, the same 
for both the first and second experiments of 
this series. The relatively high percentage 


” Tale without spores was used in the 


of early deaths in the infected cultures, 
as compared with the controls, and a later 
disproportionately large increase which 
more than compensates for the earlier 
population decrease in these cultures, in- 
dicates that in the case of the rice weevil 
the presence of B. thuringiensis acts as a 
strong selective agent. This results in the 
death of the weaker or less prolific in- 
sects or both, and the rapid evolution of a 
population which is not only resistant to 
the effects of B. thuringiensis, but has an 
unusually marked increase in reproduc- 
tive capacity. 

An experiment similar to that just de- 
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Bacillus thuringiensis were added. 


Table 5.—Counts made of rice weevil and granary weevil populations in wheat to which spores of 


“ol. 46, No. 4 








Gratn Treatep wits B. thuringiensis 


| " comin 

| | One-Week Old Spores | 
| 

} 


Two-Year Old Spores 


Controu (B. thuringiensis 
NOT PRESENT) 


| 
a | | 
| Per | | | | Per | 
| | Cent Per | | Per Per | Cent | Per 
of Cent | | Cent | Cent NUMBER OF OF | CENT 
| Time | No. of Weevils | Dead | Total | No. of Weevils | Dead | Total | WEEVILS | Deap | Toran 
INSECT Counts | In- | n- - In- | In- — In- In- 
CONCERNED Made | Living | Dead fected | crease | Living | Dead | fected | crease | Living | Dead | FECTED | CREASE 
Rice Weevil Start 250 0 250 0 - 250 0 . — 
(First Expt.) 90 days 136 243 46 52 682 194 | 95 254.0 336 199 0 180 
(1200 grams 150 days |10,561 121 83 4351 5317 147 93 1896.0, 2334 84 0 800 
of wheat) 
Rice Weevil | Start [| 100 0 100 0 100 0 
(Second Expt.)| 30 days 66 33 82 0 79 a | 0 89 ll 0 0 
(200 grams | 60 days 283 23 100 239 362 16 94 299 310 28 25 249 
of wheat) } B. thur.* 
| 90 days 1251 20 100 1227 1284 20 100 1241 1009 36 20 984 
B. thur.* 
150days| 4576 932 46 5484 3897 728 43 4582 3150 856 0 3981 
Granary Start 100 0 - 100 0 100 0 — _ 
Weevil 30 days 50 4 100 0 95 5 | 80 0 99 | 1 Oo | 0 
(200 grams 60 days 651 11 100 562 968 8 100 881 1079 3 0 983 
of wheat) 90 days 2625 15 100 2555 3436 24 100 3373 3748 48 0 3700 
120 days 4527 912 12 5369 6376 535 24 6848 | 8040 452 0 | S444 





Infections in weevils determined by stained smears. 


* The contamination of the control at this point of the experiment may well account for the relatively greater percentage increase in 


this control as compared with the control of the first experiment. 


scribed was performed with the granary 
weevil as the test insect. In this case the 
results are just the opposite from those 
experiments involving the rice weevil. 
From table 5 it may be seen that the 
presence of week-old Bacillus thuringiensis 
spores in the culture of granary weevils 
reduced the percentage of total increase 
(at the end of a 60-day period) to 566 per 
cent as compared with a total increase in 
the control culture of 983 per cent at this 
stage of the experiment. This significantly 
greater percentage of increase was main- 
tained by the control culture, and at the 
final (120-day) check of this experiment 
the living population of the control was al- 
most twice that of the living population of 
the infected culture. It might also be 
pointed out that despite the larger popu- 
lation the number of dead in the control 
culture was slightly less than half the 
number of dead in the smaller culture 
containing fresh B. thuringiensis spores. 
As in the previous experiments with rice 
weevils the two-year-old spores seemed 
to have lost some of their infective power 
and the results of this culture again ap- 
pear as intermediate between the control 
culture and the fresh (one week old) spore 
culture. 

The consistent and relatively rapid 
drop in the percentage of dead weevils 
with Bacillus thuringiensis after 90 days 










in the last two experiments shown in 
table 5, does not necessarily indicate in- 
creased resistance to the bacillus on the 
part of the insects (see 150 day check, 
Expt. 1, table 5). This reduction in in- 
fectivity might possibily be due to some 
factor in the smaller cultures which in 
time inhibits the bacillus or reduces its in- 
fectivity. After 90 days there was evidence 
of an intercurrent infection (micrococcus) 
in the second and third experiments which 
may also account for a lower rate of B. 
thuringiensis infection. 

Sitophilus granarius—The — granary 
weevil showed varying degrees of ap- 
parent susceptibility to five species of 
microorganisms tested: Bacillus thurin- 
giensis (five strains), Bacillus cereus, 
Serratia marcescens, an unidentified spe- 
cies of Pseudomonas, and Beauveria bas- 
siana. As in the case of the experiments 
using the rice weevil as the test insect, 
only B. thuringiensis exhibited a convinc- 
ing degree of pathogenicity for the gran- 
ary weevils tested. The fungus B. bassiana 
appeared to be present in the dead bodies 
of three out of 10 weevils tested, but 
whether or not this represented a primary 
infection is difficult to decide since six of 
the remaining weevils in the same lot of 10 
also died, apparently from amicrobic 
causes. 

Deaths apparently caused by infection 
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with Bacillus thuringiensis occurred over 
approximately the same period of time 
as was the case with the rice weevil—from 
3 to 24 days after exposure. When aque- 
ous suspensions of spores were used to 
treat the grain, most of the granary 
weevils died between the 8th and 14th 
days. When spore dust was used most of 
the deaths took place between the 14th 
and 21st days. 

Symptomatology and the histopathol- 
ogy picture in the granary weevils in- 
fected with Bacillus thuringiensis were es- 
sentially the same as those already de- 
scribed as found in the rice weevil. 

All five strains of Bacillus thuringiensis 
used in the tests showed at least some in- 
fectivity for the granary weevil. However, 
two of the strains (57-1-1 and 58-1-1) in- 
fected only one out of the 20 insects used 
in each test. These were the same two 
strains that showed no infectivity for the 
rice weevil. 

The remaining three strains (0-3-30, 
0-3-33, and B-14) showed an almost equal 
per cent mortality apparently caused by 
the bacillus (7.e., about 35 per cent). 

Tribolium confusum.—The confused 
flour beetle showed very little definite 
susceptibility to any of the test micro- 
organisms. A slight degree of infectivity 
was exhibited by Bacillus thuringiensis 
and B. cereus, while a moderate degree 
of infectivity appeared to be associated 
with one strain of Serratia marcescens 
and with Beauveria bassiana. Of the five 
strains of B. thuringiensis used, two 
strains each infected one out of 20 test 
insects, one infected 2 out of 30, and 
oné infected 20 out of 20, and one strain 
infected none out of 20 test insects. B. 
cereus infected 2 out of 20, one strain of 
S. marcescens infected two out of five, and 
B. bassiana infected three out of 10 test 
insects. In no instance can the number or 
percentage of insects becoming infected be 
considered impressive. 

OrnueR Storep-Grain Insects.—Al- 
though most of the experimentation in 
this study was confined to the rice 
weevil, the granary weevil, and the con- 
fused flour beetle, some tests were run us- 
ing the lesser grain borer, Rhizopertha 
dominica (Fabr.), and the angoumois 
grain moth, Sitotroga cereallela (Oliv.). 

The lesser grain borer, in lots of 10 in- 
sects each, was found to be insusceptible 
to all organisms tested. These included 
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Bacillus thuringiensis, B. popilliae, Beau- 
veria bassiana, B. globulifera, Metar- 
rhizium spp., and Perezia pyraustae. As 
in the previous tests, however, the fungi 
were used under conditions of prevail- 
ing atmospheric humidity (relative hu- 
midity in the neighborhood of 70 per 
cent). Unless the spores of the fungi were 
ingested, there would probably be little 
opportunity for their germination and 
subsequent penetration of the insect by 
means of infection hyphae. 

The angoumois grain moth was resist- 
ant to infection by the three strains of 
Serratia marcescens tested but did show 
some susceptibility to Bacillus thurin- 
giensis. One strain (0-3-30) of this bacillus 
infected four out of the five insects used in 
this particular test. Another strain (0-3 
33) showed no pathogenicity for the 
moth in a similar test. 

Tests OF THE Toxic Errect or Beau- 
veria bassiana—In 1950, Dresner re- 
ported that the germinating spores of 
Beauveria bassiana (Balsamo) produce a 
toxin that acts as a contact poison, and 
that may paralyze an insect even in ad- 
vance of the invasion of the insect body 
by hyphae of the fungus. The insects 
used in his studies were adults of the 
house fly, Musca domestica Linn.; adults 
of the green dock beetle, Gastroidea 
cyanea Melsh.; and larvae of the po- 
tato tuberworm, Gnorimoschema opercu- 
lella (Zeller). Ali three of these insects ap- 
peared to become paralyzed on exposure 
to the germinating Beauveria spores in 
much less time (less than 2 hours in many 
experiments) than that required for actual 
infection to take place. The principal 
strain of B. bassiana used was one ob- 
tained from the American Type Culture 
Collection. 

In the hope that the toxic principle de- 
scribed by Dresner could be used against 
stored grain insects, an attempt was made 
to repeat his experiments and to test the 
possible susceptibility of the grain insects 
to it. 

Two strains of Beauveria bassiana were 
used in our experiments. One (our strain 
No. F25-2-4) had originally been isolated 
from diseased larvae of the European 
corn borer, Pyrausta nubilalis (Hbn.); 
the other, presumably the strain used by 
Dresner, was obtained from the American 
Type Culture Collection (No. 9835). The 
techniques used in making the tests were 
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essentially the same as those described by 
Dresner (1950). 

In our hands, there appeared to be only 
a slight and inconsistent toxic reaction 
when the house fly was used as the test 
insect. This was true both when the fun- 
gus spores (fresh as well as several months 
old) were applied directly and after they 
had been permitted to germinate in such 
media as milk and glucose broth which 
was made available to the flies as food. 
No clear toxic effect was observed in lar- 
vae of the potato tuberworm exposed to 
the fungus spores. 

In spite of these negative or inconclu- 
sive results, the possible toxic effect of 
Beauveria spores to certain of the stored- 
grain insects was tested. The insects 
used were adults of the granary weevil, 
the rice weevil, the confused flour beetle, 
and the angoumois grain moth. None of 
these insects showed any significant toxic 
reaction to contact with the fungus 
spores. Accordingly, this approach to find- 
ing a means of controlling stored-grain in- 
sects was abandoned. 

Discussion OF INnFeEctTivity ‘TEsts.— 
The results of the infectivity tests con- 
ducted in the present. investigation indi- 
cate that of the 27 different strains of mi- 
croorganisms used, only those of Bacillus 
thuringiensis showed any consistent and 
significant pathogenicity for the test in- 
sects. Although strains of certain other 
species showed some powers of infectivity 
they were either not as consistent in this 
regard or as promising from the stand- 
point of their possible use as control 
agents. More extensive and detailed 
study, however, may require a revision of 
this appraisal. 

Bacillus thuringiensis is a gram-positive 
sporeforming bacterium originally iso- 
lated in 1911 by Berliner from diseased 
larvae of the Mediterranean flour moth, 
Ephestia kiihniella Zeller. It has since been 
found to be pathogenic for such insects 
as the cosmopolitan bran beetle, Echocerus 
cornutus (Fabr.); the European corn 
borer, Pyrausta nubilalis (Hbn.), the al- 
falfa caterpillar, Colias philodice eury- 
theme Boisduval, the imported cabbage- 
worm, Pieris rapae (Linn.), the fawn- 
colored lawn moth, Crambus bonifatellus 
(Hulst), and certain other Lepidoptera. 

Taxonomically, Bacillus thuringiensis 
is either a variety of, or closely related to, 
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Bacillus cereus Frankland & Frankland. 
It differs from the latter organism pri- 
marily in its pronounced pathogenicity 
for insects, and in the fact that in nearly 
all strains of B. thuringiensis so far stud- 
ied, the spore lies obliquely within the 
sporangium. B. cereus itself has been re- 
ported as causing disease in insects, and 
it was one of the bacteria apparently ca- 
pable of infecting the stored-grain insects 
used in the present investigation. How- 
ever, most of the typical strains of B. 
cereus, such as those isolated from the 
soil, do not have a pronounced capacity 
to infect many insects (especially certain 
Lepidoptera) as does B. thuringiensis. 
Further information concerning the rela- 
tion between B. thuringiensis and B. 
cereus is included in an earlier publication 
(Steinhaus 1951). 

Five different strains of Bacillus thurin- 
giensis were used in the work here being 
reported (see table 1). In general, the 
strains (0-3-30 and 0-3-33) originally 
isolated from Ephestia kiihniella Zeller 
(by Mattes in 1927), and the strain (B-14) 
isolated from an unidentified Peridroma 
larva appeared to have greater patho- 
genicity for the granary and rice weevils 
than did those (57-1-1 and 58-1-1) from 
Plodia interpunctella (Hbn.) and Aphomia 
gularis (Zeller). Whether or not this ap- 
parent strain difference is significant is 
dificult to say without further testing. 
At any rate, strains 0-3-30 (suspension) 
and B-14 (dust) appeared to be the 
strains of choice from the standpoint of 
infectivity for the granary and rice 
weevil. 

Large-scale experiments designed to test 
the efficiency of Bacillus thuringiensis as a 
practical control agency in storage bins 
and elevators have not been run. How- 
ever, the experiments performed in which 
the effect of the bacillus on 250 weevils in 
1200 grams of grain and on 100 weevils in 
200 grams of grain tested may give some 
indication as to what could happen in 
regular storage bins. In any case, methods 
by which spores of the bacillus can be 
produced in relatively large quantities 
have been devised and perfected on a 
“‘pilot-plant” basis. Most of these produc- 
tion techniques have been worked out in 
this laboratory in connection with other 
projects, but the knowledge so gained has 
been used in the present investigation. 
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The spore dust used in our experiments 
was prepared in a manner similar to that 
described by Steinhaus (1951) and by 
Hall (1952). 

In considering the possible application 
of Bacillus thuringiensis in the control of 
stored-grain pests, it is necessary to 
realize that even though the bacillus has 
shown a moderate degree of pathogenicity 
for the insects concerned, it has by no 
means demonstrated a uniformly marked 
degree of virulence for all of the individuals 
making up a test lot of insects. In no case 
were more than 90 per cent of the beetles 
in any one lot infected with the bacillus, 
and usually the per cent infected was much 
smaller (e.g., 5, 35, and 45 per cent). Fur- 
thermore, there was at least some indica- 
tion that after an initial reduction in the 
size of the population, during which time 
infected insects may be found, the num- 
ber tends to increase rapidly again even 
surpassing that in untreated grain. Thus, 
although the possibility of the practical 
control of stored-grain pests by means of 
B. thuringiensis cannot be ruled out, it is 
indicated that rapid control on a basis 
equal to that of the best type of chemical 
control does not appear to be very prom- 
ising. It is to be remembered, however, 
that since the weevils, under certain con- 
ditions at least, are susceptible to infec- 
tion by the bacillus, the reason there is 
not a more uniform kill may be related to 
the manner and frequency with which the 
spores come in contact with the insect. 
Further investigation of these factors 
may yield information that would en- 
hance the possible use of the bacillus in 
controlling the insects concerned. 

It might be pointed out that on the 
basis of the work of other investigators, it 
does appear that Bacillus thuringiensis 
may offer some promise against such in- 
sects as the Mediterannean flour moth, 
Ephestia kiihniella Zeller, found in meal 
and flour. In 1927, Berliner suggested that 
the spores of the bacillus be incorporated 
with the grain prior to the milling process 
and that such application would be suf- 
ficient to suppress the flour-moth likely 
to occur in untreated flour. Mattes 
(1927), without actually testing it, was 
not convinced as to the economic practica- 
bility of Berliner’s suggestion, but he did 
confirm the high degree of susceptibility 
shown by the flour-moth larvae to B. 
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thuringiensis. However, Mattes found 
that his own method of applying spore 
powder directly to the flour and milling 
equipment was not uniformly successful 
in controlling the pest because the webs 
of the insect protected it from contact 
with the infectious spores. Since there was 
no practical way of penetrating the webs 
with the spore material, the larvae in- 
side the webs did not have an opportunity 
to feed on spore-laden flour. 

More recently, Jacobs (1950) reported 
on the bacteriological control of the 
Mediterranean flour moth using a French 
product having the trade name ‘‘Spore- 
ine.”” We have been unable to learn the 
exact nature of the bacterial spores mak- 
ing up this product but it would appear to 
be of the Bacillus thuringiensis type. The 
product was described as containing 10 
per cent by weight of spores of bacteria 
pathogenic for insects, in bentonite. Ac- 
cording to Jacobs, in whole-meal flour be- 
tween 0.1 and 0.3 per cent by weight of 
this spore powder completely prevented 
the development of infestation by newly- 
hatched larvae. “Infestations of whole 
meal flour in sheds were checked consider- 
ably by the application of surface deposits 
of the spores, established by dusting the 
dry powder or spraying a suspension in 
water.” 

In our own laboratory we have con- 
firmed the marked susceptibility of the 
Mediterranean flour moth to Bacillus 
thuringiensis, but have made no tests as 
to its applicability in mills. From all the 
evidence at hand, however, it would ap- 
pear that more comprehensive work 
should be done on the possibilities of using 
this bacillus in controlling the flour moth. 
Indications are that its incorporation into 
the flour or mill products would be en- 
tirely harmless both to the products con- 
cerned and to the consumers. It could be 
readily and inexpensively applied and its 
effectiveness would probably be great 
enough to make it entirely worth while. 

Results obtained in the present investi- 
gation indicate some degree of pathogenic- 
ity for the test insects on the part of 
Serratia marcescens Bizio. From a practi- 
cal standpoint, however, this red-pig- 
mented bacterium would have at least 
two drawbacks as far as its use in control 
is concerned. In the first place, unless 
white variants were used, the red-pig- 
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mentation of the organism would be 
likely to color the product. In the second 
place the bacterium is not a sporeformer 
and hence, although it is a fairly long- 
lived nonsporeformer (Steinhaus 1939), 
it would not have the durability of a 
sporeformer such as Bacillus thuringiensis. 

The fact that the fungus Beauwveria 
bassiana (Bals.) caused from 20 to 30 per 
cent infection in three of the test insects 
is interesting in light of the adverse hu- 
midity conditions provided the micro- 
organism. It is generally accepted that 
fungi of the Beauveria type require a 
relative humidity of 90 per cent or more 
for germination of the conidia. In this in- 
vestigation the tests were run at humidities 
in the neighborhood of only 70 per cent. 
Higher humidities were not used because 
it has been shown that a high relative 
humidity is damaging to the grain 
through microbial action. Fungi were, 
however, used in our infectivity tests on 
the assumption that some of the conidia 
might be ingested by the insects and that 
the moisture content of their alimentary 
tracts would be sufficient to germinate the 
conidia. Although the usual route of in- 
fection by fungi attacking insects is 
through the integument directly into the 
body cavity, there is evidence that infec- 
tion by way of the digestive tract occurs 
not infrequently with certain entomoge- 
nous fungi. Perhaps the instances of infec- 
tion by B. bassiana obtained in our experi- 
ments can be explained on such a basis. 
In any case, infection of the test insects 
with B. bassiana under the conditions of 
our experiments, although interesting 
and somewhat unexpected, was not sig- 
nificant enough to suggest the use of this 
fungus in the practical control of the in- 
sects. If the grain could be held in the 
presence of more moisture, it would ap- 
pear that B. bassiana might be an effec- 
tive pathogen for the insects concerned. 

Although the three species of protozoa 
used in our experiments were all re- 
sponsible for infections in other insects, 
none. of them showed a significant de- 
gree of pathogenicity for the test insects. 
This was not unexpected since insects 
of the type found in stored whole-grain 
are not known to be as ready natural 
hosts for protozoa as are many other 
groups of insects. Indeed, microbiological 
examinations of normal granary and rice 
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weevils did not reveal the presence of any 
significant microbiota when examined 
during the present investigation. In fact, 
most specimens appeared essentially to be 
microbiologically sterile as far as the pres- 
ence of extracellular microorganisms in 
their internal anatomy was concerned. 

Errect OF ANTIBIOTICS ON CERTAIN 
SroreD-GRAIN INsEcts.—Inasmuch as 
the experiments performed to test the 
susceptibility of stored-grain insects to 
certain bacteria, fungi, and protozoa did 
not produce very promising results, at 
least from the standpoint of their possible 
use in controlling the insects, we turned 
our attention to another aspect of insect 
microbiology. That many of the insects 
found in stored-grain harbor living micro- 
organisms within certain tissue cells has 
been known for some time. The role of 
these intracellular symbiotes, as they are 
called, is known in a few species of insects. 
In some insects, such as the drug-store 
beetle and cockroaches, it appears that 
the symbiotes produce essential vitamins 
and possibly hormone substances. In 
aphids it has been claimed that the sym- 
biotes fix atmospheric nitrogen. In the 
case of the stored-grain insects, the 
physiological relationship between the 
symbiotes and the insects has not been 
determined. However, since the symbiotes 
in these insects appear to be in as intimate 
a relationship as in most other symbiote- 
bearing insects, there is reason to believe 
they may provide their hosts with meta- 
bolic essentials of one sort or another. On 
the basis of such an assumption it was 
decided to investigate the possibility of 
killing or preventing the reproduction of 
stored-grain insects by depriving them 
of their symbiotes through the use of anti- 
biotics. 

That at least some insects can be freed 
of their symbiotes by means of antibiotics 
is indicated by the experiments of Brues 
& Dunn (1945) and by Glaser (1946) on 
cockroaches. These workers found that 
the administration of sub-toxic doses of 
penicillin greatly reduce the number of 
intracellular symbiotes in the bacterio- 
cytes of the roach, and that this decrease 
in numbers is accompanied by a deficiency 
of certain unidentified constituents es- 
sential to the health of the insect. More 
recently, Musgrave & Miller (1951) re- 
ported that when the granary weevil and 
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the rice weevil were fed terramycin- 
treated grain both species showed some 
degree of mortality over that in untreated 
controls, but that the rice weevil fed 
ierramycin “is disturbed metabolically to 
a markedly greater extent” than the 
granary weevil similarly treated. They 
suggested that “this difference may be 
due to the inhibition of vitally important 
symbionts” in the rice weevil. At the 
time Musgrave & Miller wrote their 
paper they assumed, on the basis of Man- 
sour’s (1934) observations, that whereas 
the rice weevil harbored symbiotes, the 
granary weevil did not. Further observa- 
tions have shown that both weevils do 
harbor symbiotes as had been shown 
earlier by Buchner (1930). 

Unfortunately, the investigation here 
being reported had to be suspended be- 
fore the effect of antibiotics on the sym- 
biotes could be ascertained, but the gen- 
eral effect of relatively large doses of the 
drugs on the insect as such was noted and 
these observations are being presented as 
a preliminary report. 

MATERIALS AND Meruops.—In the ex- 
periments to be described the following 
antibiotics were used: aureomycin (Led- 
erle), bacitracin (Commercial Solvents), 
chloromycetin (Parke, Davis) penicillin 
G (Parke, Davis), polymixin B (Commer- 
cial Solvents), streptomycin (Merck), and 
terramycin (Pfizer). The insects used in 
these experiments were the granary 
weevil, the rice weevil, the lesser grain 
borer, and the confused flour beetle. The 
manner in which these insects were main- 
tained was identical to that described in 
the first section of this paper. 

Most of the experiments were set up in 
dual fashion (plus controls): in one in- 
stance the antibiotic was added to the 
grain in a powdered form; in the other set- 
up the antibiotic was placed in solution 
and the grain was allowed to become 
coated with it. Each lot of grain and test 
insects were held in large (1 by 4 inch) 
vials the mouths of which were covered 
with gauze. At regular intervals each vial 
Was examined to determine the number 
of dead and living insects it contained, 
and the freshly dead weevils were ex- 
amined for the presence of intracellular 
symbiotes. 

The dosage of antibiotic used varied 
from as high as 0.5 gram per 14 grams of 
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wheat to as low as 0.01 gram of antibiotic 
per 14 grams of wheat. 

Resutts oF Antisiotic TEsts.—In 
some respects the results obtained in tke 
experiments designed to study the effect 
of antibiotics on stored-grain insects and 
their intracellular symbiotes proved to be 
indefinite and inconclusive. On the other 
hand, some interesting and pertinent ob- 
servations were made during the course of 
these studies, and these appear to deserve 
recording. Unfortunately, circumstances 
have prevented the continuation of the 
project at this time, so that the results ob- 
tained are being reported here as of pre- 
liminary significance only. 

As can be seen from the data presented 
in table 6, all seven of the antibiotics used 
in these experiments brought about the 
death of 100 per cent, or nearly 100 per 
cent, of the adults of the granary and rice 
weevils and 7'ribolium within a 30 to 60 
day period. In the case of the lesser grain 
borer (Rhizopertha), however, one of the 
antibiotics (terramycin) was more or less 
neutral in its action, and only one (strep- 
tomycin) gave a significant kill. The re- 
maining five, especially chloromycetin, 
appeared to be somewhat stimulatory in 
action. Inasmuch as the other powdered 
antibiotics did not kill Rhizopertha, it 
does not appear likely that the kill in the 
case of streptomycin powder was caused 
by its physical form. 

In order to verify the apparent stimu- 
latory effect of chloromycetin on Rhizo- 
pertha, another experiment was set up in 
which the drug was added to lots of grain 
containing 50 insects each and counts of 
the number of insects present after 30 and 
60 days were made. In one instance, 
Rhizopertha that had been exposed to 
chloromycetin in the preceding experi- 
ment were subjected to 0.5 gram of chlo- 
romycetin (in 14 grams of grain). The 
control also consisted of insects that had 
been previously exposed to the drug. Aft- 
er a period of 60 days the number of in- 
sects in the chloromycetin-treated group 
had increased from 50 to 467 with 20 in- 
sects found dead, while the control in- 
creased from 50 to 436 borers with 30 
found dead. The insects that had been 
twice exposed to chloromycetin (presum- 
ably during two generations) produced a 
population approximately 20 per cent 
larger (90 more individuals) than did the 
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Table 6.—The number of dead and living stored-grain insects in lots treated with various anti- 
biotics in both powder and solution form, and after periods of 30 and 60 days. 
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1 Dosage in grams per 14 grams of grain, 


control referred to in the next paragraph, 
that had never been exposed to the drug. 

The experiment was then repeated 
using fresh insects, that is, insects not 
previously exposed to chloromycetin. In 
this instance, the number of borers in- 
creased from 50 to 417, with 17 dead, in 
60 days when exposed to chloromycetin, 
while the control, containing none of the 
drug, increased from 50 to 377, with 19 
found dead. In both experiments there 
was a slight drop in the number of insects 
to slightly below 50 at the end of 30 days. 
This was overcome during a period of 
from 30 to 60 days. 

The manner of administering the anti- 
biotics in all our experiments was such as 
to permit both ingestion of the antibiotic 
and external contact with the drug by the 
insect. An effort was made to obtain some 
indication as to whether or not the toxin 


effect of aureomycin, as an example, for 
the rice weevil was the result of contact 
between the drug and the insect’s integu- 
ment, rather than the result of ingestion. 
To accomplish this, three series of three 
vials each were set up: a control series 
with no antibiotics, a series in which all 
the insects were lightly dusted with aureo- 
mycin before being placed in the vials, 
and a series in which the internal surface 
of the vial was coated with aureomycin 
solution that was evaporated to leave a 
thin, even coating of the antibiotic on the 
glass. The three vials of each series offered 
different conditions to the insects. One 
vial in each series remained empty except 
for its insect population and (except for 
the control) the antibiotic that was either 
dusted on the insects or allowed to coat 
the vial’s walls. A second vial of each 
series contained wood pellets, cut to 
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simulate grain but to offer no food to the 
insects. The third vial in each series con- 
tained 10 grams of untreated wheat. 

Within a period of seven days all the 
weevils (100 in each vial) in both the 
“empty” (no pellets and no wheat) vials 
and the vials containing wood pellets in 
each series had died, with no deaths oc- 
curring during the first three days and 
most of them occurring on the fifth day. 
‘The pattern of deaths was the same for 
the control series as for the two series 
treated with antibiotic—the presence of 
the antibiotic externally having no visible 
effect on the death rate, even though the 
weevils became thoroughly covered with 
it. All deaths in these vials then were pre- 
sumably due to starvation. In the vials 
containing wheat much of the antibiotic 
was transferred from the insects or the 
vial wall to the grain (except in the anti- 
biotic free control series) and in such 
cases where the insects could chew on 
“treated” grain the pattern of deaths 
was similar to that in the majority of the 
other antibiotic experiments with the 
death periods more protracted, and pre- 
sumably due to the effect of ingested 
antibiotic and not starvation. 

In 1951, Musgrave & Miller presented 
data which they believed indicated that 
rice and granary weevils fed terramycin- 
treated grain, both show some mortality 
greater than occurs with untreated con- 
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trols, and that the rice weevil is disturbed 
metabolically to a greater extent than is 
the granary weevil. Our experiments with 
terramycin, and which more or _ less 
paralleled those of Musgrave & Miller, 
indicated that both species are affected 
to about the same extent by this antibio- 
tic. There were some differences in the de- 
tails of the experimentation of the two 
groups of workers; (numbers of insects 
and period of observation) these are 
shown in table 7, along with a comparison 
between our data and those obtained by 
the Canadian workers. 

Additional replicates and experiments 
along this line were run using terramycin 
powder (0.25 gram per 14 grams of 
grain), terramycin solution (0.25 gram in 
10 ml. water per 14 grams of grain) and 
sterilized terramycin solution (of the 
same strength as above). The results of 
these experiments substantiated our re- 
sults shown in table 7. At the end of 30 
days the insects in the vials containing the 
grain treated with terramycin powder 
showed a mortality of 64 per cent in the 
vase of the rice weevils and 90 per cent in 
the case of the granary weevils. After 60 
days the remaining insect populations of 
these vials showed an additional 25 per 
cent mortality in the case of the rice 
weevils, but no further deaths occurred 
among the few granary weevils. The mor- 
tality among the insects in the cultures 


Table 7.—A tabular comparison of the data from the present investigation and those (relating to 
the effect of terramycin on the rice and granary weevils) obtained by Musgrave & Miller (1951). 








Sitophilus oryza (LINN.) 


Fed Water- 
Treated Grain 


Fed Terramycin-| Fed Water- 


Treated Grain 


Sitophilus granarius (LINN.) 


Fed Terramycin- 


Treated Grain Treated Grain 





50 
Number at Start (20) 





Number after 30 Days 31 
Number after 72 Days (79) 


50 | 50 50 
(20) | (20) (20) 








0 | | 0 
(24) | (41) 





Population increase 0 
(59) 


0 0 
(4) (21) 





Approx. % mortality 40 
(11) 


100 100 
(84) (32) 





Condition of grain! B 


(B) 


C-— i C-— 
(C) i (B) 





Dose: 0,036 gram terramycin per gram of grain. 


The first row of figures running across the page represents data obtained in a single experimental set-up of the authors’ experiments. 
The figures (in parentheses) from the paper by Musgrave and Miller are means of three replicates. 
1 Condition of grain: A=very well eaten (only husks and powder); B = well eaten; C =eaten slightly. 
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treated with sterilized terramycin solution 
was low (10 to 13 per cent) comparable 
with results in the controls. 

Since the stored-grain insects used in 
our experiments showed a distinct, al- 
though variable, susceptibility to the ac- 
tion of the antibiotics used, it was de- 
cided to test the action of these drugs on 
a few other species of insects. 

In general, it was found that house flies 
were readily killed by two per cent chloro- 
mycetin and one per cent bacitracin, 
penicillin, terramycin, and streptomy- 
cin. The insects succumbed in a manner 
suggesting a toxification of the nervous 
system. DDT-resistant flies did not show 
any significant degree of resistance to the 
antibiotics. 

In light of the work by Brues & Dunn 
(1945) and by Glaser (1946) on the re- 
moval of intracellular symbiotes from 
cockroaches by the administration of sub- 
toxic doses of penicillin, it was thought 
advisable to examine the insects with 
which we were working with regard to 
the status of their intracellular symbiotes. 
Musgrave & Miller (1951) suggested that 
the difference they observed in the sus- 
ceptibility of the rice weevil and the gran- 
ary weevil to the action of terramycin 
might be due to the “inhibition of vitally 
important symbionts” in the rice weevil. 

Buchner (1930) has already demon- 
strated the presence of intracellular sym- 
biotes in both the rice weevil and the 
granary weevil. We were able to confirm 
Buchner’s observations, rodshaped sym- 
biotes being present in the adult as well 
as the immature stages of both species of 
weevils. Sections of healthy weevils 
showed the presence of mycetome con- 
taining the symbiotes, in the manner de- 
scribed by Buchner. Sections of weevils 
killed by antibiotics were difficult to study 
because of the disintegration of tissues 
that had occurred in the particular speci- 
mens examined. It was at this point that 
our studies were suspended. The next 
step in the investigation would be com- 
parative study of the symbiotes of normal 
and antibiotic-treated weevils. 

Discussion oF ANTIBIOTIC TESTS.— 
Our investigation of the effect of anti- 
biotics upon stored-grain insects is ad- 
mittedly far from complete. Whether or 
not it is possible to remove the insects’ in- 
tracellular symbiotes by means of anti- 
biotics cannot be ascertained from the 
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data herein presented. Nor does the data 
give us any positive idea that the remova! 
of the symbiotes by this means would 
harm or kill the insects. The doses of anti- 
biotics used in our studies were sufficien! 
to be toxic to most of the stored-grain 
insects tested. To study the effect of the 
removal of the symbiotes upon the health 
of the insects it would be necessary to use 
doses sufficient to destroy the symbiotic 
microorganisms but at the same time not 
be toxic to or kill the host insect. It is to 
be hoped that a continuation of an in- 
vestigation along these lines will be pos- 
sible. 

Inasmuch as relatively large doses (0.3 
to 0.5 gram per 14 grams of grain) were 
used, it is perhaps not surprising that a 
considerable degree of toxicity to the test 
insects were shown. Nevertheless, it may 
be significant that the lesser grain borer 
did not show the high susceptibility to 
most of the antibiotics that did the rice 
and granary weevils and the confused 
flour beetle. Also of significance may be 
the fact that the lesser grain borer showed 
considerable difference in its suscepti- 
bility to the seven antibiotics tested. 
Whereas streptomycin killed 100 per cent 
of the insects in 30 to 60 days, terramycin 
showed no particular effect, and the re- 
maining five showed some indication of 
producing a stimulatory effect as far as 
the numerical increase of the insects is 
concerned. Chloromycetin was_particu- 
larly indicative in this respect, although 
repeated experiments showed this effect 
not to be exceptionally strong. 

The mode of action of the antibiotics 
used in these experiments was not investi- 
gated by us. On the basis of symptoma- 
tology in house flies exposed to the drugs, 
it is possible that at least some of them 
act as nerve poisons. The possibility of 
using antibiotics for their insecticidal 
value was not investigated, but it is likely 
that when compared with other available 
poisons their toxicity in high dilutions 
would be insufficient to make their use 
economical. Their use in this regard, how- 
ever, should not be dismissed without 
further investigation particularly with re- 
spect to the principle of controlling insects 
through the destruction of their symbiotes 
by means of antibiotics and related com- 
pounds. 

It is somewhat difficult to explain com- 
pletely the discrepency between our re- 
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sults and those obtained by Musgrave & 
Miller (1951) concerning the effect of 
terramycin on the rice and granary wee- 
vils. Whereas they found the rice weevil 
to be more susceptible to the action of 
terramycin than the granary weevil, we 
found no such difference. Since both spe- 
cies harbor symbiotes it is not likely that 
their results can be explained on the er- 
roneous supposition (Mansour 1934) that 
the mycetome of the granary weevil con- 
tains no symbiotes. 

SumMARY.—In general, coleopterous 
stored-grain insects (the granary weevil; 
Sitophilus granarius (Linn.), the rice wee- 
vil, Sttophilus oryza (Linn.); the lesser 
grain borer, Rhizopertha dominica (Fabr.) ; 
and the confused flour beetle Tribolium 
confusum (Duv.)) do not show a high de- 
gree of susceptibility to entomogenous 
microorganisms (bacteria, fungi and pro- 
tozoa) under conditions optimum for the 
growth and development of the insects. 
Of the several species of microorganisms 
tested, only Bacillus thuringiensis Ber- 
liner, showed significant pathogenicity for 
the granary and rice weevils. Certain 
other microorganisms were occasionally 
capable of infecting the test insects, but 
in none of these instances could the infec- 
tions be uniformly initiated, nor did there 
appear to be any real possibility of their 
practical use in the control of the insects. 

Further tests on the possible applica- 
tion of Bacillus thuringiensis in the con- 
trol of stored-grain pests (especially 
lepidopterous insects) would be worth- 
while. With regard to the granary and 
rice weevils, B. thuringiensis did not in- 
fect more than 90 per cent of the insects, 
and there was some indication that a 
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weevil population may overcome the in- 
fection and increase rapidly to a point sur- 
passing that in untreated grain. There- 
fore, although the possibility of control- 
ling stored-grain insects on a_ practical 
basis by means of B. thuringiensis cannot 
be ruled out, it would appear that rapid 
control with this bacterium on a basis 
equal to that of the best type of chemical 
control is not very promising. 

In the course of making preliminary 
tests as to the feasibility of depriving 
stored-grain beetles of their intracellular 
bacterial symbiotes by means of antibi- 
otics, it was found that these drugs are 
toxic to most of the insects tested. Rela- 
tively large doses (0.3 to 0.5 gram per 14 
grams of grain) of aureomycin, bacitracin, 
chloromycetin, penicillin G, polymixin B, 
streptomycin, and terramycin killed 100 
per cent of the granary and rice weevils 
tested within 30 to 60 days. Similar re- 
sults were obtained in the case of Tri- 
bolium, but the lesser grain borer showed 
considerable variation in its reaction to 
the antibiotics. The latter insect was 
more or less neutral in its reaction to ter- 
ramycin, it was killed by streptomcyin, 
and appeared to be slightly stimulated 
(from a reproductive standpoint) by 
chloromycetin. 

In contrast with the results obtained 
by Musgrave & Miller, the data obtained 
in our experiments showed no signifi- 
cant difference in the reactions of the rice 
weevil and the granary weevil to terramy- 
cin. 

A study of the direct effect of anti- 
biotics on the intracellular symbiotes was 
not included as a part of this particular 
investigation. 


LITERATURE CITED 
Berliner, E. 1911. Uber die Schlaffsucht der Mehlmottenraupe. Ztschr. f. das Gesam. Getreidewesen. 


3: 63-70. 


Berliner, E. 1915. Uber die Schlaffsucht der Mehlmottenraupe (Ephestia kiihniella, Zell.) und ihren 
Erreger Bacillus thuringiensis, n. sp. Ztschr. f. Angew. Ent., 2: 29-56. 

Brues, C. T., and R. C. Dunn, 1945. The effect of penicillin and certain sulfa drugs on the intracellular 
bacteroids of the cockroach. Science, 101: 336-7. 

Buchner, P. 1930. Tier und Pflanze in Symbiose. Borntraeger, Berlin. 900 pp. 

Dresner, E. 1950. The toxic effect of Beauveria bassiana (Bals.) Vuill., on insects. Jour. New York 


Ent. Soc., 58: 269-78. 


Glaser, R. W. 1946. Intracellular bacteroids in the cockroach (Periplaneta americana Linn.) Jour. 


Parasitol., 32: 483-9. 


Hall, I. M. 1952. Studies in the use of microorganisms in the control of the sod webworm. Hilgardia 


{In press.] 


Jacobs, S. E. 1950. Bacteriological control of the flour moth, Ephestia kuehniella Z. Proc. Soc. Appl. 


Bact., 13: 83-91. 


Mansour, K. 1934. On the so-called symbiotic relationship between coleopterous insects and intra- 
cellular microorganisms. Quart. Jour. Microscop. Sci., 77: 255-72. 
Mattes, O. 1927. Parasitire Krankheiten der Mehlmottenlarven und Versuche iiber ihre Verwend- 





JOURNAL OF Economic ENTOMOLOGY 


Vol. 46, No. 4 


barkeit als biologische Bekampfungsmittel. (Zugleich ein Beitrag zur Zytologie der Bakterien.) 
Gesell. f. Beford, Gesam. Naturw. Sitzber. Marburg, 62: 381-417. 
Musgrave, A. J., and J. J. Miller. 1951. A note on some preliminary observations on the effect of the 


antibiotic terramycin on insect symbiotic microorganisms. Canadian Ent., 


83: 343-5. 


Steinhaus, E. A. 1939. Studies on the life and death of bacteria. I. The Senescent phase in aging cul- 


tures and the probable mechanisms involved. Jour. Bact. 


, 38: 249-61. 


Steinhaus, E. A. 1951. Possible use of Bacillus thuringiensis Berliner as an aid in the biological contro] 
of the alfalfa caterpillar. Hilgardia, 20: 359-81. 


A Comparison of Aldrin, Dieldrin, Heptachlor and DDT for 
Control of Plague Vectors on the California Ground Squirrel! 


Raymonp E. RyckMan,? Cuares T. AMEs and Cuester C. Linpt, Department of Entomology, School of 
Tropical and Preventive Medicine, Loma Linda, California 


Plague was first suspected among wild 
rodents in the United States in 1903; dis- 
eased ground squirrels were shown to be 
the source of human cases in 1908. This 
disease has been recovered from rodents 
over 4,000 times in 15 western states 
(Link 1951). 

In November, 1950 Colonel Robert 
Traub recommended that new chlorinated 
hydrocarbons be tested for the control of 
rodent fleas under field conditions. His 


data’ (unpublished) indicated that aldrin 


and dieldrin were highly effective in con- 
trolling the trombiculid mite vector of 
scrub typhus in Malaya. 

Smith (1951) tested 620 insecticides in 
the laboratory using the cat flea Cteno- 
cephalides felis (Bouche) and the oriental 
rat flea NXenopsylla cheopis (Rothschild). 
Twenty-nine compounds were more effec- 
tive than DDT. Outstanding toxicants re- 
ported were heptachlor, dieldrin, aldrin, 
BHC (95 per cent gamma _ isomer), 
chlordane and parathion. 

PRELIMINARY FIELD SCREENING. 
ing 1951, field screening tests were con- 
ducted, by the authors, using eight chlo- 
rinated hydroc: irbons (aldrin, dieldrin, 
heptachlor, toxaphene, lindane, chlordane, 
methoxychlor and DDT). These insecti- 
cides were dusted into 5,600 squirrel bur- 
rows. From the data obtained, there were 
indications that three insecticides should 
be given further study. These three were 
heptachlor, aidrin and dieldrin. DDT was 
used as a standard insecticide for com- 
parison. Flea indices obtained in 1951 
were as follows: heptachlor 2.0, aldrin 
2.22, dieldrin 3.91 and DDT 90.85. The 
above results were obtained by dusting 
burrows with 3 per cent heptachlor, 1.5 


per cent aldrin, 2 per cent dieldrin and 5 
per cent DDT. 

A COMPARISON OF APPLICATION Metu- 
ops.—An important aspect of any control 
program is to determine the most practi- 
‘al method of application. During 1952, 
dieldrin was applied by four methods: (a) 
sprayed on the surface of 11.5 acres at the 
rate of 1.04 pounds actual per acre, (b) 
dusted on the surface of 6 acres at the rate 
of 1.02 pounds actual per acre, (c) sprayed 
into 919 burrows with a Banta spray gun 
at the rate of 0.64 gram actual insecticide 
per burrow. Results obtained indicated 
that dieldrin was more effective as a spray 
than as a dust and that burrow applica- 
tion in each instance was superior to sur- 
face application. The flea index before 
treatment ranged from 39.7 fleas to 70.1 
fleas; seasonal controls were at no time 
lower than 38.0 fleas per squirrel. The 
post-treatment index was: 0.48 flea per 
squirrel for burrows sprayed, 1.15 for sur- 
face spray application, 2.51 for burrows 
dusted and 4.87 for surface dusting. Diel- 
drin was selected as a standard insecticide 
in this experiment because of its residual 
action and toxicity to fleas on rodents 
under field conditions. 

Seven dead squirrels and rabbits were 
recovered 4 days after dieldrin was 
sprayed on the 11.5 acre field mentioned 
above. Spraying or dusting the surface of 
pasture land with dieldrin is not recom- 
mended because of its toxic effect to mam- 
mals. However, in our experience, dusting 

Pato Paper. 

1 This research project was supported by a contract (DA-49- 
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Fischer, Robert D. Lee and Dean Spencer. 
3 Robert Traub, Unpublished Manuscript. 
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or spraying burrows has never been a 
problem in pasture areas. 

MECHANICAL AND ELEcTRICAL Bar- 
riERS.—Ecological and physical variables 
frequently arise in field studies which may 
tend to skew the data obtained. 

Variables frequently encountered in 
field studies are: 

1. Populations assumed to contain adequate ro- 
dents when research plans are formulated may 
subsequently prove inadequate for valid 
statistical enalysis. 

2. Differences in elevation, temperature, humid- 
ity and food of the hosts are frequently found 
which consequently influence the parasite 
population. 

3. A differential of soil type, moisture and pH 
may affect the residual life of an insecticide. 

. Variation of the rodent population density fre- 

quently affects the parasite index. 


To correct these situations, squirrel 
populations were enclosed in fields behind 
mechanical and electrical barriers. These 
animals were later used in studies con- 
cerned with the evaluation of heptachlor, 
aldrin, dieldrin and DDT as toxicants 
under field conditions. 

The ground squirrel population in elec- 
trically fenced fields was 150 animals per 
acre. This was considerably higher than 
other squirrel populations studied. A high 
host index usually results in a higher para- 
site index per animal. An index of 90 fleas 
per squirrel was found to be the maximum 
in 19 squirrel populations studied over the 
past 2 years. In the fenced areas, the 
lowest index was 111.2 fleas per squirrel, 
and the highest was 318.0 fleas per ani- 
mal. This high parasite index was, with- 
out doubt, due to an increased host 
density. 

The electric fence was given critical 
tests relative to its application in conjunc- 
tion with testing insecticides on para- 
sitized rodents. Our studies have shown 
that the following significant advantages 
would seem to warrant continued use of 
this technique where insecticides are 
tested in the field on rodent parasites: 

1. At the time insecticides were applied, the 
squirrel population per acre was uniform and 
high, resulting in a flea index from 111.2 to 
318.05 per squirrel. This high parasite index 
was ideal for comparison of treated and un- 
treated flea-infested rodent populations. 

2. Squirrels were trapped in large numbers in a 
relatively short period of time. A sharp concise 
index may be obtained at any given time before 
or after treatment. Data obtained in this man- 


ner are more statistically valid. 
3. Field variables were reduced to a minimum 
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with respect to soil pH, temperature, humidity, 
host food, host index per unit of area, soil type 
and vegetation. 

. Insecticides were applied with greater ac- 
curacy because the terrain and burrows were 
more readily treated. 

. Squirrels did not enter treated areas from sur- 
rounding untreated areas. 

. Squirrels in the electrically fenced enclosures 
are not as readily removed by non-avian 
predators. In unenclosed fields, predators have 
been known to remove a relatively large seg- 
ment of a rodent population during a short 
period of time. 


During May and June, 1952, five units, 
each comprising an area of 44,100 square 
feet, were constructed and stocked with 
750 California ground squirrels, Citellus 
beecheyi (Richardson). To date, January 1, 
1953, after 9 months, none has escaped 
by climbing over the fence or by digging 
under it. These animals readily con- 
structed large burrow systems, and sur- 
face runs became apparent in the vegeta- 
tion. A detailed description of the electric 
fence and its construction will be pub- 
lished at a later date. 

APPLICATION OF INsEcTICIDES.—(A 
comparison of heptachlor, aldrin, dieldrin 
and DDT.)—Two and one-half per cent 
heptachlor, 2.5 per cent aldrin, 2 per cent 
dieldrin and 5 per cent DDT were applied 
within a 4-day interval at the rate of 30 
grams of dust per burrow entrance. The 
dust was injected into the burrows with a 
cyanogas dust gun. Each gun was cali- 
brated as to the amount of dust dis- 
charged per stroke. A four-man team 
systematically applied the insecticides to 
all burrows. 

CoLLecTION OF FreLp Data.—One 
week to 10 days before dusting operations 
were conducted, control squirrels were 
taken from each of the five electrically 
fenced fields. Squirrels trapped for the 
parasite count were obtained in “live 
traps” and transported one-half mile to 
the laboratory. These animals were 
anesthetized with sodium nembutal at a 
dosage of 20 milligrams per 500 gram 
animal. The anesthetic was usually effec- 
tive in ten to fifteen minutes after being 
administered and lasted for a duration of 
at least 30 minutes. During this time, 
most of the parasites were removed by a 
suction technique, and a final check was 
made with forceps to remove the remain- 
ing fleas. For each animal, a record card 
was made with the following information: 
(a) admission number, (b) date of capture, 
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Table 1.—A comparison of aldrin, dieldrin, heptachlor and DDT. 
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1 Upper left figure is the number of hosts from which data were derived. 


2 Lower right figure is the percentage of fleas killed. 
Percentages in column 5 were derived from Abbott’s formula. 


(c) locality, (d) species of host and para- 
sites, (e) sex and weight of host and (f) 
amount of anesthetic given. These ani- 
mals were marked and returned to the 
fenced field from which they came. 
Marked animals were not retrapped for 30 
days; however, an experiment was con- 
ducted which indicated that deparasitized 
squirrels acquired as many fleas in 10 
days time as those which had never been 
deparasitized. 

Resvutts.—The pre-treatment flea in- 
dex is recorded in column two of table 1. 
Seventy-two to 96 hours after treatment, 
ground squirrels were removed to deter- 
mine the knock-down action of each in- 
secticide (see column three of table 1). 


Additional animals were removed from 
the treated fields on approximately the 
fifteenth and thirty-fifth days after dust- 
ing (see columns four and five of table 1). 
Data obtained from squirrels trapped on 
the third, fifteenth and thirty-fifth days 
indicated that heptachlor, aldrin and 
dieldrin reduced the flea population to an 
index of 2.03 fleas per squirrel or less. 
This was in excess of 98 per cent control. 
During the same period of time, 7.e., 
third, fifteenth and thirty-fifth days, 
DDT gave the following controls respec- 
tively: 58.35 per cent, 71.28 per cent and 
95.4 per cent. (See Table 1.) The DDT 
used in the experiment mentioned above 
was biologically assayed and found to be 





— — sf aa we ft eet lu le 


QaDanN 4 


o 
© 





from 

the 
lust- 
e 1). 
d on 
days 
and 
oO an 
less. 
itrol. 

1.0.5 
lays, 
spec- 
+ and 
DDT 
i\bove 
to be 
















-Lugust 1953 








highly active against a nonresistant strain 
of house flies. 

SumMary.—Heptachlor, aldrin, diel- 
drin and DDT were tested as flea insecti- 
cides under field conditions. Field en- 
vironmental factors were as nearly similar 
as possible in each test area with respect 
to temperature, humidity, elevation, soil 
type, host density and food eaten by the 
host. The flea index before dusting with 
the insecticides mentioned above ranged 
from 111.2 to 318.05 fleas per squirrel. 
Data obtained from squirrels removed on 
the third, fifteenth and thirty-fifth days 
indicated that heptachlor, aldrin and 
dieldrin reduced the flea population to 
2.03 fleas per squirrel or less, this was in 
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excess of 98 per cent control. During the 
same period of time, i.e, the third, 
fifteenth and thirty-fifth days after treat- 
ment, DDT gave the following controls 
respectively: 58.35 per cent, 71.28 per 
cent and 95.4 per cent. 

Dieldrin was applied by four standard 
methods in an attempt to control fleas on 
ground squirrels. Results obtained indi- 
cate that dieldrin was more effective as a 
spray than as a dust. Burrow treatment in 
each instance was superior to surface 
application. A method of constructing a 
mechanical and electrical barrier has been 
developed to effectively retain or exclude 
ground squirrels. 


Link, Vernon B. 1951. Plague. Amer. Jour. Trop. Med. 31(4): 452-7. 
Smith, Carroll N. 1951. Compounds more toxic to fleas than DDT. Amer. Jour. Trop. Med. 31(2): 


252-6. 


Ethylene Dibromide for Control of Black Hills Beetle’ 


C. L. Massey, R. D. Cutsnotm, and N. D. Wyeant, U.S.D.A., Agr. Res. Adm., 


Penetrating-oil solutions have been 
used for the control of certain bark beetles 
in the forests of western United States for 
many years. The development of such 
solutions reduced control costs and elimi- 
nated the hazards of burning infested 
material as a method of control. Salman 
(1938) reported the results of experiments 
with orthodichlorobenzene, paradichloro- 
benzene, crude flake naphthalene, and 
beta-naphthol dissolved in diesel oil to 
control several species of bark beetles in 
California. The infested trees were felled, 
limbed, and bucked, and the solution 
sprayed on the bark surface. Satisfactory 
mortality of the broods infesting Jeffrey, 
ponderosa, lodgepole, and sugar pine 
was obtained by the treatment when bark 
thickness did not exceed one-half inch. 
Gibson (1943) reported on the effective- 
ness of several oil solutions of fumigants 
on the mountain pine beetle infesting 
lodgepole and whitebark pine. He con- 
cluded that diesel oil-orthodichloroben- 
zene solutions combined low cost and 
control effectiveness to the greatest degree 
of any formula tested. 

Since 1940 fuel-oil solutions of ortho- 
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dichlorobenzene have been used exten- 
sively to control infestations of the Black 
Hills beetle. In 1947, in an effort to elimi- 
nate the costs of felling the trees before 
treating them, solutions of orthodichloro- 
benzene and fuel oil were applied to the 
bark of standing trees. The results were 
equal to those obtained in felled trees. 
Treating standing trees with a solution 
of 1 gallon of orthodichlorobenzene to 6 
gallons of fuel oil has been the standard 
method of control since 1948. 

Oil solutions of fumigants, while repre- 
senting a tremendous advance over old 
methods of control, still had the disad- 
vantage of being disagreeable to use and 
expensive. The cost not only included the 
purchase price of the oil at the tank car, 
but also its transportation into the forest 
by hand, pack animals, or jeeps. As a 
result of such disadvantages, tests were 
initiated in 1949 with water emulsions 
prepared from emulsifiable concentrates of 
various fumigants. Water is the most 
practical carrier of a toxicant where it can 


1 Because only part of this paper appeared (Vol. 45: 861-2) it 
is published in full here. Ed. 
2 In cooperation with the Colorado A. & M. College. 
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Table 1.—Survival of Black Hills beetle larvae 
in trees treated in the spring with emulsions of 
various fumigants. 








NUMBER 
oF Liv1nNG 
INSECTS PER 
Per CENT SQUARE Foor 


FUMIGANT 
(Pounps 
PER 5 
GALLONS OF 


EMULSION) SOLVENT oF WATER or Bark 
Etbylene dibromide: 
0 Fuel oil 60 23.0 
l 60 Li 
2 60 0 
] 80 ey 
0 Stanisol 60 27.2 
0.5 60 4.1 
l 60 6.7 
70 1.5 
80 2.5 
2 60 8 
70 2.2 
80 3 
90 5 
3 70 3 
80 Re | 
90 1.6 
+ 80 1.6 
90 2 .§ 
0 Heavy 60 25.7 
] aromatic 60 4.0 
2 naphtha 60 8.1 
1 80 19.9 
2 80 9.4 
0 Solvesso 100 60 $1.3 
l 60 ih ae 
2 60 7.6 
] $0 11.8 
2 80 5.8 
Dichloroethy| ether: 
1 Stanisol 80 29.5 
2 80 32.9 
+ 80 18.4 
5 8O 20.4 
Orthodichlorobenzene: 
Q Stanisol 80 23.4 
4 80 38.0 
8 80 61.3 
Orthonitrochlorobenzene: 
l Solvesso 100 80 37.9 
Q 80 30.1 
4 80 40.0 
Nitrobenzene: 
1 Stanisol 80 36.6 
2 80 62.2 
4 80 42.6 
8 80 35.4 
Check (untreated) 
0 0 0 60.2 
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be used, because it is present in most 


forested areas. 

During the summer of 1949 several 
hundred standing ponderosa pines in- 
fested with the Black Hills beetle were 
treated with emulsions of ethylene di- 
bromide in various solvents. The solvents 
tested were fuel oil, red engine oil, ethyl 
alcohol, and Stanisol, a cleaning solvent. 
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Triton X-155, and alkyl phenoxy poly 
ethoxy ethanol, was used as an emulsifier 
Ten trees were treated with each formu- 
lation. The brood stage at time of treat- 
ment varied from mature larvae to calloy 
adults. 

A tabulation of the results of these tesis 
revealed that approximately 2 pounds of 
ethylene dibromide in 5 gallons of emul- 
sion was the minimum satisfactory dos- 
age. Both Stanisol and fuel oil proved 
effective as solvents of the ethylene 
dibromide. Approximately 10 per cent of 
the solvent was needed for effective con- 
trol. 

To improve the formulation further and 
to determine the effectiveness of other 
fumigants and solvents, more extensive 
tests were made in 1950. 

MarTertaAts AND  Meruops.—The 
fumigants, tested in emulsions and _ in 
solutions, included commercial grades of 
dichloroethyl ether, ethylene dibromide, 
nitrobenzine, orthodichlorobenzene, and 
orthonitrochlorobenzene. They were dis- 
solved in No. 1 fuel oil, heavy aromatic 
naphtha (flash point 110° F.), Solvesso 
100 (flash point 121° F.), and Stanisol. 

The emulsifiable concentrates were pre- 
pared by mixing the fumigant, solvent, 
and emulsifiers. They were clear solutions 
that were readily emulsified by water. In 
all cases each gallon of concentrate con- 
tained 8 ounces of a mixture of Triton 
X-100, an alkylated aryl polyether alco- 
hol, and Triton B-1956, a modified phtha- 
lic glycerol alkyd resin. A blend of three 
parts of Triton X-100 and five parts of 
Triton B-1956 was used in the concen- 
trates containing No. 1 fuel oil, but a 
blend of equal weights was used in the 
other concentrates. 

The first series of applications were 
made during May against the larval 
stages, and the second series during the 
latter part of June and early July against 
the pupal and adult stages. The spring, 
or larval, treatments were applied by 
means of a tank-type pressure sprayer 
powered by carbon dioxide. Bucket pumps 
were used to apply the summer, or pupal 
and adult, sprays. A 6-foot extension rod 
equipped with a No. 6 solid-stream nozzle 
aided in reaching the upper part of the 
infested stems. Approximately 3 gallons of 
material was applied to each tree, the 
exact amount depending on its size. The 
trees ranged from 8 to 24 inches in d.b.h., 
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and each was treated until the insecticide 
began to run from the bark surface. 

Five infested trees were treated with 
each formulation to a height of approxi- 
mately 20 feet, and at least 3 weeks 
elapsed before they were sampled for in- 
sect survival. These samples were taken 
at breast height one-half-square foot in 
area on each of four sides of each tree. 
Ogly the live insects were counted. The 
mortality exhibited at this time deter- 
mined the intensity of sampling needed in 
the treatment. If the mortality was suf- 
ficiently high to warrant further examina- 
tion, the treated trees were felled and 
samples taken on opposite sides of each 
at heights of 1, 10, 15, and 18 feet. Un- 
treated trees in the same area were sam- 
pled to determine the approximate mor- 
tality in the treated trees. 

Discussion OF Resutts.—Tables 1 and 
2 give the results with the emulsions, and 
table 3 with the solutions. Ethylene di- 
bromide was the only effective fumigant 
tested in the emulsions. Dichloroethyl 
ether, orthodichlorobenzene, orthonitro- 
chlorobenzene, and nitrobenzene in emul- 
sions were unsatisfactory at the dosages 
tested. From the standpoint of cost and 
amount of toxicant used, ethylene di- 
bromide was superior both to orthodi- 
chlorobenzene and to a 1:1 mixture of 
paradichlorobenzene and _ orthodichloro- 
benzene in No. 1 fuel oil. 

One pound of ethylene dibromide in 5 
gallons of fuel-oil emulsion was effective 
against all stages of the beetle. It is 
recommended, nevertheless, that 2 pounds 
of it be used in the formulation as a mar- 
gin of safety. The higher dosage will insure 
satisfactory mortality of the pupae and 
adults, which are more resistant to the 
fumigant than the larvae. A reduction in 
this dosage may be possible after addi- 
tional experimental work has been done 
to improve the formulation. 

Both Stanisol and No. 1 fuel oil proved 
effective as solvents for the fumigant. No. 
1 fuel oil, however, is more universally 
available and somewhat cheaper. 

These tests indicate that 15 to 20 per 
cent of oil is necessary in the finished 
spray to obtain penetration of the bark. 
Therefore, it appears that the water 
should not exceed 80 per cent. For in- 
stance, emulsions containing 90 per cent 
of water were effective against the larvae 
but not against the pupae and adults. 
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Table 2. —Survival of Black Hills beetle pupae 
and adults in trees treated in the summer with 
emulsions of ethylene dibromide. 











FUMIGANTS Livine In- 
(Pounps SECTS PER 
PER 5 SquarE Foor 
GALLONS OF Per CEnt OF 
EMULSION) SOLVENT oF WATER Bark 
Ethylene dibromide: 
0 Fuel Oil 80 25.2 
1 80 Py 
2 80 .0 
0 Stanisol 60 14.2 
; 60 12.8 
1 60 4.6 
2 60 9 
0 80 $4.5 
1 80 4.1 
90 5.8 
z 80 4 
90 10.2 
3 90 2.7 
Check (untreated) 
0 0 0 41.1 





The cost of ingredients in oil solutions 
and emulsions of ethylene dibromide is 
about equal. However, a great saving in 
the cost of transportation can be effected 
when an emulsion is used. For example, a 
formulation that calls for 2 pounds of 
ethylene dibromide to be used in a mix- 
ture containing 80 per cent of water re- 
quires that only 1 gallon of stock, or one- 
fifth of the spray emulsion, be trans- 
ported into the woods. 

As a result of the tests made during 
1949 and 1950, the following emulsifi- 
able concentrate is suggested for field use 
in controlling broods of the Black Hills 
beetle: ethylene dibromide 2 |bs., emulsi- 
fier 8 oz., No. 1 fuel oil to make 1 gallon. 


Table 3.—Survival of the Black Hills beetle in 
trees treated with solutions of various fumigants 
in No. 1 fuel oil. Larvae treated in the spring, and 
pupae and adults in the summer. 








NuMBER OF LiviING IN- 
SECTS PER SQUARE 
Foor OF Bar AFTER 








Sem 
Fumicant (Pounps Spring mer 
PER 5 GALLONS OF Treat- Treat- 
SoLuTion) ment ment 
Ethylene dibromide 0.75 0.6 LJ 
1.5 in .0 
3 al a 
Orthodichlorobenzene 8 1.6 1.4 
Orthodichlorobenzene 4+ ok 
paradichlorobenzene iy 
Check (untreated) 0 — 44.1 
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One gallon of this concentrate should be 
mixed with 4 gallons of water to make 5 


gallons of emulsion. 
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Ethylene dibromide may also be used 
effectively in an oil solution at the rate of 
1.5 pounds in 5 gallons. 


LITERATURE CITED 
Salman, K. A. 1938. Recent Experiments with Penetrating Oil Sprays for the Control of Bark Beetles. 


Jour. Econ. Ent. 31(1): 119-23. 
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Tobacco Hornworm Control with Organic 
Insecticides 


NorMAN ALLEN,! C. R. Honae,? A. R. Hopxins,? and J. D. Earty! 


Because of the large size that hornworm 
larvae attain and the type of feeding 
injury that they inflict on the plant, they 
probably cause more damage to growing 
tobacco than any of the other insect pests 
of this crop in the United States. Haeus- 
sler (1952) has estimated that they cause 
an average annual loss of $84,073,000. 
Two species of hornworms attack tobacco. 
One is known as the tobacco hornworm, 
Protoparce sexta (Johan.), and the other 
as the tomato hornworm, Protoparce 
quinquemaculata (Haw.). The tobacco 
hornworm is the species of major impor- 
tance in most of the flue-cured tobacco 
areas. 

For many years lead arsenate has been 
used commonly for hornworm control. 
Lead arsenate has unusually good resid- 
ual effectiveness. It is fairly safe to use 
on tobacco foliage and does not adversely 
affect the flavor or aroma of the finished 
product. However, since its lead and 
arsenic content constitutes a_ serious 
health hazard, State and Federal entomol- 
ogists have for many years conducted 
experiments with a large number of 
insecticides in an effort to find one that 
would be just as effective without leaving 
dangerous residues on the tobacco. Mar- 
covitch & Stanley (1937) and Allen e¢ al. 
(1938) reported that cryolite was an 
effective hornworm insecticide, and some 
growers used it to replace lead arsenate 
for this purpose. Subsequent investiga- 
tions disclosed, however, that a much 
heavier dosage of cryolite than of lead 
arsenate was required to give satisfactory 
hornworm control. Moreover, experience 
showed that it was not long-lasting, so 
that it was necessary to make more appli- 


cations during the season. Because of these 
limitations cryolite has not been widely 
used by the tobacco growers. 

Dominick (1950, 1951) and Allen e¢ al. 
(1951) have reported encouraging results 
with TDE, toxaphene, and CS-708 
against the tobacco hornworm. These 
three insecticides were also effective a- 
gainst the tomato hornworm on tobacco. 
The writers obtained outstanding contro] 
with endrin against the tobacco hornworm 
during 1952. 

Some small-scale field experiments dur- 
ing the 3-year period 1950 to 1952 are 
described in this paper. The experiments 
were conducted at the South Carolina 
Pee Dee Agricultural Experiment Station 
at Florence, S. C. 

PLAN OF THE EXPERIMENTS.—Two 
types of experiments were conducted each 
year. In one type the insecticides were 
applied to replicated small field plots of 
tobacco on the experiment station farm 
to determine their toxicity to horn- 
worms and their possible effect on the 
flavor and aroma of the treated tobacco. 
In the other type the test materials were 
applied to severe infestations on growers’ 
farms. In both types of experiments the 
plants were full-grown at the time of the 
tests and the infestation had been allowed 
to become severe so as to have as many 
larvae as possible for determining the 
value of the treatments. 

In 1950 and 1951 the small-plot experi- 
ments were conducted on one fortieth 


Parp Paper. 

-1 Norman Allen, entomologist, and J. D. Early, agent, 
U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant 
Quarantine. 

2 Assistant entomologists, South Carolina Agricultural Ex- 
periment Station. 
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Fic. 1.—A mule-drawn traction sprayer equipped 
with an adjustable boom and a spray shield. 


acre plots, arranged in randomized blocks 
so that there would be 4 replications for 
each treatment. Each plot was composed 
of 8 rows of tobacco 4 feet apart with the 
plants at intervals of 2 feet. The plots 
were separated at their ends by 14 feet of 
fallow and at their sides by 9 feet. In 1952 
the plots were one-eightieth acre in area 
and contained 4 rows. 

Experiments on growers’ farms were 
conducted by locating a tobacco field 
that was severely infested with horn- 
worms, dividing it into a number of equal- 
sized areas, and then replicating each 
treatment as many times as possible. 

Dusts were applied by rotary hand 
dusters at 20 to 35 pounds per acre. 
Sprays were applied with small, mule- 
drawn traction sprayers equipped with an 
adjustable boom for treating different- 
sized plants and with a shield (Allen and 
Cox 1950) to protect the operator from 
the spray. A spray machine equipped in 
this manner is illustrated in figure 1. 
Where high-volume sprays were used. the 
output of the sprayer was about 75 gallons 
per acre, whereas for low-volume sprays 
the sprayer was equipped with T-jet 
nozzles and the output was about 18 gal- 
lons per acre. 
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The effectiveness of the insecticides 
was determined by counting the living 
hornworms on a definite number of plants 
per plot before treatment and the dead 
worms at intervals after treatment. To 
aid in counting the worms an especially 
designed cloth frame 24 by 28 inches, 
called a plant collar,’ was placed about the 
base of each plant that was sampled (Fig. 
2). Where dusts were used the plant collar 
was placed about the plants before the 
insecticide was applied, but where sprays 
were used it was placed there immediately 
after the sprayer had passed through the 
row middles of the plot. 

EXPERIMENTS IN 1950.—The small- 
plot experiments consisted of two dust 
and three high-volume spray treatments. 
TDE and toxaphene were used in the 
dusts and TDE alone and mixtures of 
TDE or toxaphene plus parathion in the 
sprays. 

The strengths and dosages and the 
results obtained 54 hours after an appli- 
cation are shown in table 1. All the treat- 
ments gave good hornworm control, but 


Fic. 2.—Plant collar used about the base of a to- 
bacco plant to aid in the recovery of treated larvae. 


§ Designed by J. U. Gilmore and W. A. Shands, entomolo- 
gists, Bureau of Entomology and Plant Quarantine, to aid in 
the recovery of tobacco flea beetles that had been killed by in- 
secticides. 


































606 JOURNAL OF Economic ENTOMOLOGY 


Table 1.—Tobacco hornworm control ob- 
tained in 1950 with dusts and high-volume sprays 
applied to small field plots. Data based on 48 
sampled plants per treatment.and a final count 
after about 54 hours. 








NuM- PER 
BER CENT Per 
Powunps oF OF Repuc- Cent 
AcTIVE LARVAE TION OF OF 
INGREDIENT IN Living Deap 


MATERIAL Per AckE SampLe Larvae LARVAE 


Dusts: 


TDE 3.0 212 100 80 
Toxaphene 6.4 205 99 97 
Sprays (wettable powder) : 

TDE 50% 3.0 225 100 80 
TDE 50% plus 

parathion 15% 3.0plus0.11 226 100 81 
Toxaphene 40% plus 

parathion 15% 2.4plus0.11 220 99 81 





counts made 24 to 30 hours after treat- 
ment showed that TDE was slower in 
killing the larvae when used alone than 
when parathion was added. 

Since TDE appeared to be promising 
for hornworm control, it was tested as a 
dust, a high-volume spray, and as a low- 
volume spray on growers’ farms during 
the latter part of the season. Undiluted 
cryolite as a dust and toxaphene in a 
dust and a spray were included in these 
experiments. 

A brief summary of the results is 
given in table 2. TDE was effective in 
controlling hornworms, but, as in the 
small plots, when used alone as a dust it 
was slower in killing the larvae than 
where parathion had been added to the 
dust. The emulsion sprays at the rate of 
2 pounds of active ingredient per acre 
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caused some damage to maturing tobacco 
leaves. Consequently, for later tests the 
dosage was reduced to 1 pound per acre. 
At this dosage TDE was more effective 
than toxaphene. 

Flavor and aroma studies on the cured 
tobacco made by two cigarette manufac- 
turers at the end of the season showed 
that the toxaphene imparted an unde- 
sirable flavor and aroma to cigarettes. 
TDE did not appear to have any detri- 
mental effect, except where a petroleum 
distillate was used as the solvent for the 
emulsifiable concentrate. 

EXPERIMENTS IN 1951.—The  small- 
plot experiment in 1951 was directed to- 
ward the further evaluation of TDE as a 
hornworm insecticide. Emulsifiable con- 
centrates of TDE with standard solvent 
and with xylene as the solvent were com- 
pared. CS-708, with xylene as the solvent, 
was also tested. The results obtained 
from one application of these materials, 
given in table 3, show that all of them 
gave good hornworm control in 68 hours. 
However, counts made for the first 2 
days showed that the TDE dust did not 
kill the hornworms so fast as the dust 
containing parathion in addition to TDE, 
or the TDE spray. 

Each treatment was applied three 
times during the growing season, and sam- 
ples of cured tobacco from these plots 
were subjected to flavor and aroma stud- 
ies by two cigarette manufacturers. None 
of the treatments had any detrimental 


Table 2.—Tobacco hornworm control obtained in 1950 with dusts and sprays applied to growers’ 
farms. Data based on 25 to 40 sampled plants per treatment. Unless otherwise indicated, the final 


counts were made 54 hours after treatment. 








Per Cent Per Cent 


PouNDs OF NUMBER 
ACTIVE NUMBER OF REDUCTION OF 
INGREDIENT OF LARVAE IN OF LIVING Drab 
PER ACRE TESTS SAMPLE LARVAE LARVAE 


MATERIAL 









TDE 2.6 2 199 98 65 

TDE plus parathion 1.9 plus 0.19 2 151 100 60 

TDE! 4.2 1 72 100 36 

Toxaphene! 5.4 Q 150 100 65 

Toxaphene plus parathion 2.9 plus 0.29 1 56 89 89 

Undiluted cryolite (90% sodium 

fluoaluminate) 2.7 l 54 98 52 

High-volume wettable-powder spray: 

TDE plus parathion 3.0 plus 0.11 I 117 100 76 
Low-volume emulsion sprays: 

TDE 2.0 2 196 99 83 

TDE 1.0 1 69 94 83 

Toxaphene 2.0 Q 175 96 86 

Toxaphene 1.0 1 60 771 68 





' Final count made after 4 days. 
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Table 3.—Tobacco hornworm control obtained 
in 1951 with dusts and low-volume emulsion 
sprays applied to small field plots. Data based on 
80 sampled plants per treatment and a final count 
after about 68 hours. 





NuMBER Per Cent PER 
OF Epuc- CENT 

LARVAE TION OF OF 
IN Living Derap 

SampLe Larvae LaRvAE 





Pounpbs oF 
AcTIVE 
INGREDIENT 
MATERIAL Per AcRE 


Dusts: 
TDE 
TDE plus 
parathion 


3.5 89 100 61 


1.4 plus 0.28 83 99 82 
100 


100 
99 


69 
72 


74 


1.0 90 
1.0 100 
TDE (Standard 
1.0 


Solvent) 91 





effect on the tobacco. 

Several dusts and sprays were also 
tested on growers’ farms during the latter 
part of the season. The most effective 
dusts were TDE alone, TDE plus par- 
athion, CS-708, and endrin. Lead arsenate 
and Metacide dusts were fairly effective. 
High-volume sprays containing TDE and 
low-volume sprays containing TDE or CS- 
708 gave good control. Poor control was 
obtained with dusts containing ryania, 
ryania plus a synergist, and EPN plus 
methoxychlor. 

EXPERIMENTS IN 1952.—Although 
TDE was found to control hornworms 
and it appeared to be satisfactory for use 
on tobacco, it was realized that an equally 
effective material with a more rapid 
killing action would be desirable. CS-708 
appeared to be promising, but in speed of 
action it was not greatly different from 
TDE. Endrin as a 1 per cent dust, the 
only formulation of this insecticide avail- 
able for testing in 1951, appeared to be 
very toxic for such a low concentration. 
Efforts in 1952 were therefore directed 
toward a further evaluation of endrin as 
a hornworm insecticide. 

A small field-plot experiment failed 
because of a low infestation of hornworms 
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in the field. Results of flavor and aroma 
evaluations of the tobacco samples are 
not yet available. 

During the latter part of July a few 
plots of tobacco on the experiment station 
farm became severely infested with horn- 
worms. These plots were used for a com- 
parison of high-volume emulsion sprays 
containing endrin, TDE, and malathon. 
Endrin at 0.5 pound per acre killed a high 
percentage of the larvae within a short 
time and was more effective than 1 pound 
of TDE. Malathon at 0.5 pound per acre 
was relatively ineffective. 

Endrin was tested in high-volume emul- 
sion sprays in three experiments on grow- 
ers’ farms. In the first experiment 0.6 
pound of endrin per acre killed the horn- 
worms more quickly than 0.3 pound, but 
both dosages were effective. In the second 
experiment 0.6 pound of endrin was more 
effective than 1.5 pound of CS-708. The 
results of the third experiment are sum- 
marized in table 4. To determine the com- 
parative speed of the different treatments 
in bringing the larvae under control, 
counts were made at frequent intervals 
after treatment. Endrin killed a_ high 
percentage of the hornworms within 8 
hours and was much faster in killing the 
hornworms than TDE, CS-708, or CS- 
728. 

Discussion.—Although many of the 
treatments gave satisfactory hornworm 
control, it is emphasized that fairly long 
exposure to the insecticide was frequently 
necessary. To be of most value for control 
of tobacco hornworms an_ insecticide 
should kill more than 95 per cent of them 
in less than 3 days. One reason for this 
requirement is that a few large hornworms 
will ruin a tobacco field if left undisturbed 
for a few days. Another reason is that 
thundershowers are frequent in the flue- 
cured tobacco belt during the time that 


Table 4.—Speed of action of several insecticides when applied as high-volume emulsion sprays for 


control of the tobacco hornworm on growers’ farms. Data based on 25 plants per treatment. 











PouUNDS OF 
ACTIVE 
INGREDIENT 
PER ACRE 


NUMBER OF 
LARVAE 
TREATED 


MATERIAL 


96 
111 
102 
122 
87 


Endrin 


TDE 
CS-708 
CS-708 


Per Cent REDUCTION IN 
Living HornworMs AFTER 


3hours S hours 36 hours 


3 
6 
0 
0 
0 


Per Cent or Hornworms 
Drap AFTER 


8 hours S hours 36 hours 


8 85 
94 
‘ 59 
66 
48 


3 t 
6 7 
0 l 


99 
99 
40 93 
20 91 0 

1 82 0 


51 
71 
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hornworm larvae are most abundant and 
may reduce the effectiveness of a slow- 
acting insecticide by washing part of it 
off the leaves. 

Of those insecticides tested prior to 
1952, TDE was the most satisfactory; 
however, this material is slower acting 
than endrin in killing hornworm larvae. 
TDE dusts and sprays, particularly those 
containing parathion, which served as a 
control for associated infestations of horn- 
worms and the green peach aphid, Myzus 
persicae (Sulz.) were used successfully by 
a large number of tobacco farmers in 
1952. The fact that endrin gives a high 
kill in a short time may make it especially 
valuable for the control of hornworms, if 
it is otherwise satisfactory for use on 
tobacco. 

The plant collars that were used in 
these experiments aided considerably in 
the recovery of the sick and dead horn- 
worm larvae. In general, if an insecticide 
is highly toxic to hornworms and acts 
quickly, a high percentage of them can be 
recovered by the use of plant collars, 
since the hornworms do not move about 
much after the material is applied. Where 
an insecticide that is slow in killing the 
hornworms is used, the plant collars are 
less efficient, since the hornworms become 
sick and not only leave the tobacco plant 
but move over the rows and row middles. 
Larvae that are treated with less than a 
lethal dosage of some of the organic insec- 
ticides have convulsions for some time 
before they die. 

SumMary.—Lead arsenate has long 
been the most widely used insecticide 
for control of the tobacco hornworm, 
Protoparce sexta (Johan.), but both lead 
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and arsenic are cumulative poisons. Ento- 
mologists have therefore conducted ex- 
periments with a large number of insecti- 
cides to find one that would be toxic to the 
insect, safe for use on tobacco foliage, not 
impart an objectionable flavor and arom: 
to the finished product, and not contribute 
a serious health hazard. 

In early experiments conducted at the 
South Carolina Pee Dee Agricultural 
Experiment Station, toxaphene was found 
to be very toxic to hornworm larvae, 
but it caused an objectionable flavor and 
aroma to cigarettes made from the 
treated tobacco. Experiments conducted 
during 1950, 1951, or 1952 showed TDE, 
endrin, CS-708, and Metacide to be 
promising for hornworm control. Poor 
control was secured with ryania plus a 
synergist, and EPN plus methoxychlor. 

TDE dusts and sprays, which were 
tested most extensively, were found to 
be effective against hornworms, safe for use 
on tobacco foliage, and to have no adverse 
effect on the flavor and aroma of the to- 
bacco (except in emulsifiable concentrates 
containing petroleum distillates). 

Endrin was very toxic to hornworms 
when used as a l-per cent dust in 1951. 
In further evaluation of endrin on small 
field plots as well as on growers’ farms in 
1952, an endrin emulsion applied as a 
high-volume spray not only killed a high 
percentage of hornworms but was much 
quicker in its lethal action than TDE, 
CS-708, or CS-728. However, a considera- 
tion of its use for the control of this insect 
must await the results of flavor and aroma 
studies on the cured product, as well as 
residue determinations, which are now 
underway. 
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Weight Loss in Stored Wheat Caused by Insect Feeding! 


Garten D. Wuire, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


It is often stated that the losses in 
stored grain caused by insect feeding 
amount to at least 5 per cent of the 
annual production. However, so far as is 
known to the writer, no detailed observa- 
tions have been made on the weight loss 
during the developmental period of 
those species feeding within the kernels. 
Therefore, in connection with an investi- 
gation to develop survey methods for 
determining insect losses in stored grain, 
observations on the actual loss of weight 
in wheat during the developmental period 
of the rice weevil, Sitophilus oryza (L.), 
were conducted under controlled condi- 
tions. 

Metrnops.—With a _ standard grain 
trier a sample was drawn from a bin of 
newly harvested wheat in farm storage. 
This wlteat was virtually free from insects, 
but so that no living insects would be 
present in the experimental grain, the 
sample was subjected to subfreezing tem- 
peratures for five days. The sample was 
then allowed to come to room tempera- 
ture. 

Fifteen subsamples were then drawn, 
ranging in weight from 14.1925 to 14.2020 
grams each. The moisture content of the 
sample was 12.4 per cent, as indicated 
by a Steinlite moisture tester. Twenty 
adult female rice weevils, 2 to 3 weeks of 
age, were introduced in each of 10 of the 
subsamples. Five subsamples were re- 
served for uninfested checks. All the sam- 
ples were then placed in a room maintain- 
ing a constant temperature of 80° F. and 
a relative humidity of 70 per cent. The 
weevils were permitted to oviposit in the 
grain for 2 days, and then removed. 

The samples remained undisturbed in 
the constant-temperature room for one 
week after the weevils were introduced. At 
this time and at weekly intervals there- 
after, the samples were weighed on an 
analytical balance. To prevent changes in 
the moisture content and temperature of 
the samples, all weighing was done in the 
same room. Any gain or loss in weight of 
the check samples was due to variation in 
moisture content and was used as a cor- 
rection factor in determining losses in 
weight in the infested samples. 


Emergence of the adult weevils began 
between the fourth and fifth weeks. They 
were removed from the samples daily to 
avoid losses in weight due to feeding. 
After 5 weeks emergence was complete 
and there were no further losses in weight. 
Radiographs? of the samples were made 
by the method outlined by Milner, et al. 
1950. The number of infested kernels 
was found to total 2358. 

Resutts.—Through the period of ob- 
servation there was loss in weight the first 
week after egg deposition, increase until 
the end of the fourth week, and then 
decrease slightly in the fifth week, during 
pupation and adult emergence (Fig. 1). 
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Fig. 1.—Weekly losses in weight of wheat infested 
with immature stages of the rice weevil. 


The mean loss in weight per infested 
kernel was found to be 0.67 per cent after 
the first week of larval development, 2.36 
per cent after the second week, 6.52 per 
cent after the third week, 13.59 per cent 


1 Presented at the meeting of the Association of Economic 
Entomologists at Philadelphia, Pa., December 15-18, 1952. 

2 Facilities for making radiographs were made available 
through the Departments of Physics and Milling Industry of 
Kansas State College. 
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after the fourth week, and 20.00 per cent 
upon the completion of emergence at the 
end of the fifth week. The weight of the 
refuse—i.e., fecal matter, molted skins, 
pupal cases, and frass—left within the 
kernels after emergence was not deter- 
mined. For this reason the total destruc- 
tion of endosperm was greater than that 
indicated in these observations. 

The average weight of newly emerged 
adult rice weevils was found to be 0.001225 
gram, which constituted 3.76 per cent of 
the average weight of the whole kernel of 
wheat used in this work. The weight loss 
per kernel brought about by the develop- 
ment of the larva amounted to five times 
its adult weight. 

The regression of per cent loss in weight 
of wheat on time is shown in figure 2. It 
may be noted that (1) 50 per cent of 
the total loss in weight occurred during 
the last 9.5 days of the developmental 
period; (2) 68 per cent of the loss occurred 
during the first four weeks of development 
when there was no outward evidence of 
infestation. 

Only the net weight loss, due to oxida- 
tion-reduction as brought about by the 
metabolic processes of the immature forms 
of the rice weevil in its development and 
the weight of the adult weevil was consid- 
ered in this work. This weight was dissi- 
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Fia. 2.—Regression of per cent of total loss in weight 
of wheat on time, during developmental period of 
the rice weevil. 


pated in the form of heat, moisture, and 
gases, and constitutes a portion of the 
storage losses usually referred to by grain 
men as shrinkage. 
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Chemotherapeutic Use of Insecticides for Control of 
Bloodsucking Insects"? 


Artuur W. Linpaquist, A. R. Rotu, Ropert A. HorrmMan, and W. W. Yates, U.S.D.A., Agr. Res. 
Adm., Bureau of Entomology and Plant Quarantine, and Paut O. Ritcuer, Oregon State College 


The possibility of internal treatment of 
warm-blooded animals with chemicals to 
kill external parasites has been considered 
by entomologists for many years, but 
little research work has been reported. 
Knipling et al. (1948), who have conducted 
the most extensive investigations on this 
problem, treated rabbits with 33 chemi- 
cals, using body lice, mosquitoes, ear 
mites, and lone star ticks as test insects. 
Some of the indandione compounds were 
highly effective on lice, and BHC (gamma 
isomer) was effective on mosquitoes. 


Chemotherapeutic treatment of animals 
for insect control might be advantageous 
in many situations, especially as a control 
of insect vectors in diseases such as 
anaplasmosis. The possibility of finding 
and developing chemicals or combina- 
tions of chemicals that are effective in 
killing insects and yet relatively harmless 

1 Presented at the meeting of the American Association of 
Economic Entomologists at Philadelphia, Pa., December 15-18, 


1952. 

2 Published as Technical Paper No. 761 with the approval of 
the Director of the Oregon Agricultural Experiment Station. 
Contribution of the Department of Entomology of Oregon 
State College. 
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io the host appears to be reasonably good 
if intensive research is undertaken. 

This paper describes studies on sub- 
cutaneous injections of several chemicals 
in mice and in cattle at Summer Lake, 
Oregon, in the summer of 1952. Five 
species of tabanids, three of mosquitoes, 
and horn flies were used as test insects. 

Tests With Micre.—Methods.—White 
mice weighing approximately 25 grams 
were treated subcutaneously with‘a 2-per 
cent solution of the insecticide in,peanut 
oil at a dosage of approximately 25 mg. 
of the insecticide per kilogram of body 
weight (mg./K.), unless otherwise stated. 
One or two days after treatment the mice 
were confined tightly in cages of 0.75 
inch mesh hardware cloth and exposed in 
quart fruit jars to the deer fly Chrysops 
discalis Will., or mosquitoes consisting 
primarily of Aédes dorsalis (Meig.) but 
including a few specimens of A. flavescens 
(Miiller). Length of exposure ranged up 
to 2 hours. Only those specimens showing 
clearly that blood had been taken were 
kept for observation of chemical effects. 
Usually 10 to 15 mosquitoes would take 
blood and 4 or 5 deer flies would become 
fully engorged with it. Mortalities of deer 
flies were recorded after 24 hours, but 
those of mosquitoes after 8 hours, since 
trouble was experienced in keeping the 
checks alive for 24 hours. 

Mice were exposed daily to insects 
until no insect mortality was indicated or 
the mouse died. A high percentage of the 
mice died, probably because of the effect 
of the chemical, but daily handling and 
the loss of blood taken by the insects 
over several days no doubt contributed 
to their death. 

In many instances there was slight 
leakage of the peanut oil solution at the 
site of injection, but special tests con- 
ducted by exposing insects to clipped hair 
demonstrated that kill of insects Was not 
due to insecticide contamination of the 
hair. 

RrsuLts.—Owing to the large amount 
of data obtained, only a summary of the 
results is presented here. Typical results 
obtained with dieldrin, aldrin, and lindane 
are given in table 1. 

Dieldrin and aldrin were effective in 
killing deer flies feeding on the mice 
several days after treatment. When seven 
mice were injected with dieldrin, all the 
deer flies were killed in each of 25 expos- 
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Table wy sa examples of mortality of 
mosquitoes and Chrysops discalis that hadtaken a 
blood meal on mice treated subcutaneously with 
dieldrin, aldrin, or lindane. Dosage 25 mg./K. 








Per Cent Morratity 
Days AFTER —_—______ 
TREATMENT Mosquitoes C. discalis 
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ures over a period of 5 to 17 days. The 
longest period of insecticidal action was 16 
days. All but one of the mice died. 

Aldrin was only slightly less effective 
than dieldrin. Thirteen days after treat- 
ment all the flies feeding on one mouse 
were killed. All except two of the eight 
mice treated died. In most cases the flies 
were seriously affected within 3 hours 
after taking blood, and death occurred in 
6 to 8 hours. 

The symptoms exhibited by dieldrin 
and aldrin were rapid movement of the 
wings, causing a buzzing sound, and un- 
steady walking. Flies feeding on untreated 
mice did not show any of these symptoms 
and 95 per cent of them lived for 24 or 
more hours. 

Although dieldrin and aldrin gave good 
kills of deer flies, their effectiveness on 
mosquitoes was mediocre, the kill averag- 
ing about 50 per cent in 36 trials with 
both insecticides over a period of several 
days. 

Heptachlor-injected mice lived only 3 to 
7 days, but in several tests all the deer 
flies died. The mortality of mosquitoes 
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averaged somewhat higher with hepta- 
chlor than with dieldrin or aldrin. 

Lindane used at 25, 50, and 75 mg./K. 
gave inconsistent and poor mortalities of 
deer flies and mosquitoes. Kill of these in- 
sects was seldom 100 per cent and some 
negative results were obtained. Only four 
of the 14 mice treated with lindane died— 
one each at the 25- and 75-mg. dosages 
and 2 at the 50-mg. dosage. 

In order to determine whether the 
imbibed blood was toxic to other insects, 
deer flies engorged from mice injected 
with dieldrin and aldrin, and untreated 
mice were used in bioassay determina- 
tions. Ten days after the flies had fed, 
the following experiment was conducted. 
Their abdomens were cut off, ground, and 
placed in acetone at a rate of two insects 
per cubic centimeter; the acetone extracts 
were then tested on fourth-instar larvae 
of Culex quinquefasciatus Say. When 1 
and 0.5 cc. of the acetone extracts were 
added to 100 cc. of water, extracts of 
flies exposed to dieldrin killed all mosquito 
larvae, extracts with aldrin killed 93 and 
95 per cent, respectively, and the check 
killed no larvae in 48 hours. 

A point of considerable importance is 
that little of the toxicant was excreted 
through the skin to contaminate the hair. 
It is, of course, possible that metabolites 
were excreted, but if so they were of such 
low toxicity that deer flies were not af- 
fected. 

When injected into mice the following 
chemicals showed little or no toxicity to 
either deer flies or mosquitoes: DDT, 
TDE, methoxychlor, toxaphene, Q-137, 
the fluoro analog of DDT, the butyl 
analog of DDT, methyl-alpha, alpha- 
dimethylbenzyl sulfone, di-n-propyl sul- 
fone, chloromethyl-p-chloropheny] _ sul- 
fone, chloromethyl-4-chlorophenyl _ sul- 
fone, di-isobutyl sulfone, di-p-(phenoxye- 
thoxyethyl]-2-ethylhexoate) sulfone, di-n- 
sulfone, and chloromethylpheny|] sulfone. 

Tests witH CatTLe.—Methods.—The 
tests with cattle were run concurrently 
with the mouse tests. Dairy-type Jersey 
and Guernsey calves in medium condi- 
tion, weighing from 150 to 250 pounds, 
were used. Lindane, aldrin, and dieldrin 
were ground in a mortar with peanut oil 
to give a 25-per cent concentration of the 
insecticide, and this mixture was injected 
under the loose skin posterior to the front 
leg and low on the side so that drainage 
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could take place if the wound became in- 
fected. Observations showed only a slight 
leakage of the chemical, and this pre- 
sented no problem of hair contamination. 
About 5 per cent of the chemical in the 
preparation was in solution and the re- 
mainder in the form of suspended parti- 
cles. In two tests 5 per cent of aldrin or 
lindane in solution was used for a com- 
parison with the suspensions described 
above. No difference in killing of insects 
was noted. No sterile techniques were em- 
ployed and no infections occurred. Diel- 
drin and aldrin apparently affected the 
cattle, since they lost weight and appeared 
listless for 2 to 3 weeks. One lindane- 
injected animal (10 mg./K.) died 3 days 
after treatment and two (50 and 75 
mg./K.) died 21 and 51 days after injec- 
tion. 

Usually 15 to 40 mosquitoes, 10 deer 
flies, and 3 to 5 of Tabanus sonomensis 
O. S., T. productus Hine, and 7. punctifer 
O. S. were collected from each animal for 
each test. Engorged tabanids were ob- 
tained singly with a vial. 7. productus 
was difficult to capture, because it bites 
only on the lower part of the leg. To per- 
mit mosquitoes to engorge on the animal 
a widemouthed quart jar containing about 
50 specimens was held against the side of 
the calf. Two species of mosquitoes were 
used in the tests. Aédes dorsalis, by far 
the most abundant species (99 per cent), 
and flavescens. The tabanid mortality was 
based on the 24-hour record. Eight-hour 
mortality records were made on_ the 
mosquitoes, since the checks did not sur- 
vive 24-hour confinement in jars very 
well. 

A total of 13 calves were treated and 
tested as follows: 1 each with allethrin 
(100 mg./K.), dieldrin, and heptachlor 
(both at 25 mg./K.), 2 with aldrin (25 
mg./K.), and 8 with lindane (10 to 75 
mg./K.). 

Results.—Injections of dieldrin, aldrin, 
or heptachlor did not show much promise 
in killing insects, even though the first 
two compounds gave good results against 
deer fliés when used on mice. Allethrin and 
heptachlor also were ineffective. 

Lindane gave the best results on the 
greatest number of insects. Typical re- 
sults are shown in table 2. A dosage of 
50 mg./K. is apparently on the borderline 
of effectiveness. 

Deer flies, primarily Chrysops discalis 
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Table 2.—Mortality of mosquitoes and taba- 
nids that have fed on cattle treated subcutane- 
ously with a 25-per cent suspension of lindane in 
peanut oil. Dosage 50 mg./K. followed in 3 days 
by 25 mg./K, 








Days 

AFTER Tabanus 

Treat- Mosqui- Chrysops sonomen- Tabanus 
MENT TOES Sp. sis productus 





100 39 0 100 
100 82 0 0 
a 73 60 — 
100 76 = 70 
ne 50 g = 
100 sae ste 
— 83 : 7 
80 

79 — 
65 50 
83 38 


53 = 
93 
33 





and a few C. bishoppi Bren., and Tabanus 
productus showed distinct symptoms 2 to 
4 hours after feeding, and most of them 
were incapacitated in 8 hours. A few 
flies that were definitely affected by the 
chemical recovered in 24 hours. The fact 
that a 100-per cent mortality of flies did 
not occur very often indicated borderline 
dosages. The blood of the lindane-injected 
cattle showed toxicity to deer flies for 
several days, the mortality ranging from 
40 to 100 per cent. The best record ob- 
tained was 80-per cent kill of deer flies 11 
days after treatment of the animal. 

Feeding on lindane-injected animals 
resulted in a good 8-hour mortality of 
mosquitoes, with toxic action indicated 
for several days. In two animals, treated 
with 50 and 75 mg./K., under observa- 
tion for a long period 60- and 70-per cent 
mortality were recorded 18 and 21 days 
after treatment. 

There were too few biting records of the 
other species of tabanids for reliable re- 
sults, but it was definitely indicated that 
the lindane treatment was not very effec- 
tive on Tabanus sonomensis and punctifer, 
both large species. 

The average 24-hour mortality of deer 
flies feeding on untreated animals during 
the period of study was 5 per cent and the 
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8-hour records for mosquitoes averaged 11 
per cent. 

Precise data on horn flies, Siphona 
irritans (L.), were not obtained, but the 
following observations indicate that lin- 
dane-injected animals were effective in 
killing this species. When the first cattle 
were placed in a 5-acre pasture, a large 
horn fly population was present. The 
second day after the animals were in- 
jected, dead and affected horn flies were 
observed in the hair of the lindane- 
injected steer but not in those receiving 
aldrin or allethrin. On four consecutive 
mornings from 5 to 13 dead flies were 
removed. On the seventh day no horn flies 
either dead or alive, could be found on 
any of the treated or untreated animals, 
but they were present in great numbers in 
nearby pastures. During the next 30 days 
only an occasional fly was observed on the 
test animals. Two days before the work 
was terminated, approximately 1000 horn 
flies were collected and released on the 
experimental animals. The following morn- 
ing live flies were observed on all animals 
except two that had been treated with 
lindane 10 days previously. 

Numerous tests were made to determine 
whether hair of the cattle was toxic to 
insects, since the chemicals might be 
secreted in the oil around the hair. Hair 
clipped from different parts of the body 
early in the morning was exposed to deer 
flies, but very little if any toxicity could be 
demonstrated by hair from any of the 
treated cattle. 

SumMary.—Studies on the chemother- 
apeutic use of insecticides for control of 
external parasites of warm-blooded ani- 
mals were conducted at Summer Lake, 
Oregon, in 1952. 

White mice treated subcutaneously 
with peanut oil solutions of several insec- 
ticides (25 mg./K. except with lindane) 
were exposed to the deer fly Chrysops 
discalis Will. and mosquitoes, primarily 
Aédes dorsalis (Meig.). Mice injected with 
dieldrin killed all the deer flies within 
several days. With one mouse insecticidal 
action was recorded 16 days after treat- 
ment. Aldrin was slightly less effective 
than dieldrin when tested in the same 
manner. Neither insecticide gave such 
good results with mosquitoes (about 50- 
per cent kill in 36 trials over several days 
after treatment of the host), but hepta- 
chlor was more effective. Lindane gave 
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inconsistent and poor mortality on both 
deer flies and mosquitoes. Little or no 
toxicity to deer flies or mosquitoes was 
obtained with DDT, TDE, methoxy- 
chlor, toxaphene, Q-137, the fluoro analog 
of DDT, the butyl analog of DDT, and 
a group of sulfones. 

Subcutaneous injections in cattle 
showed aldrin and dieldrin (25 mg./K.) 
to give poor kills of tabanids and mos- 
quitoes. Allethrin at 100 mg./K. and 
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heptachlor at 25 mg./K. were also com- 
paratively ineffective. Lindane, however, 
at 50 and 75 mg./K. was toxic to mosqui 
toes up to 21 days after treatment. It was 
less effective against deer flies, 40- to 
100-per cent mortality occurring for 
several days. Lindane was not very ef- 
fective on other tabanids, but horn flies, 
Siphona irritans (L.), were eradicated in 
the experimental herd of animals. 
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Experiments conducted in 1950. by 
Anderson, Bacon, et al. (1951) in Cali- 
fornia demonstrated that satisfactory 
control of the corn earworm, Heliothis 
armigera (Hbn.), could be obtained with 
DDT sprays and dusts providing the ap- 
plications were correctly timed and ap- 
plied by proper methods. It was found 
that dust applications were most effective 
when applied by hand as individual ear 
treatments with a one inch stencil or 
similar paint brush. The most satisfactory 
sprays consisted of emulsions containing 
0.75 per cent DDT and either five or ten 
per cent mineral oil. Best control with 
sprays resulted from individual ear appli- 
vations although under the moderate ear- 
worm populations that existed in these 
tests fair control resulted with fixed noz- 
zle boom applications. 

The 1951 experiments were designed to 
further test methods of application devel- 
oped in 1950 and to investigate some of 
the newer insecticides. Three series in- 
cluding 13 experiments were conducted 
from May to October at Indio and River- 
side in southern California and at Arvin 
in the southern San Joaquin Valley. The 
more pertinent data obtained in these 
experiments are condensed in this paper. 

MATERIALS AND FoRMULATIONS.—The 
following eight insecticides were tested: 
DDT, CS-708, TDE, Q-137, compound 


ing parasites. Jour. Parasitol. 34(1): 55-70. 


Control of Corn Earworm Attacking Sweet 
Corn in California’ 


O. G. Bacon,? L. D. ANpERson? and H. T. Reynoups** 









Table 1.—Control of corn earworm on Golden 
Cross Bantam sweet corn with various insecticide 
dusts applied as individual ear treatments with a 
stencil paint brush at the rate of 30 to 40 pounds 
per acre per application. 








WorM-F REE Ears PER 
100 at Harvest 
TREATMENT Test Test 
—__—_§_——#—- No.1 No.2 Test 


Per River- River- No.3 


Material Cent side! side? Arvin? 
DDT 5 90 94 97 
Isodrin l 86 92 97 
Endrin l 93 92 96 
TDE 5 — - 95 
DDT 1 — 93 
CS-708 1 80 90 93 
Q-137 5 84 86 93 
Q-137 10 84 87 
Compound 1189 10 86 
Compound 1189 5 81 
Diluent (soapstone) — - 50 
Untreated - 6 4 5 
LSD 5% level I: 8.5 7.8 





13 applications at 3-day intervals. 
2 4 applications at 3-day intervals, 
3 3 applications at 4-day intervals. 


1 Paper presented at the meeting of the American Association 
of Economic Entomologists at Cincinnati, Ohio, December 1951. 

2 University of California, Berkeley. 

a § University of California Citrus Experiment Station, River- 
side. 

4 Acknowledgment is made to T. O. Tuft and R. M. Hannibal 
of the Citrus Experiment Station, Riverside, Gordon L. Smith 
of the University of California, Berkeley, David N. Wright and 
Vernon E. Burton, Farm Advisors, Kern County, for assistance 
with the field tests; to Wallace Erwin of the University of 
California, Berkeley, for chemical analysis of plant samples; to 
Robert Bowlin of Indio and Don Barkley of Arvin for supplying 
sweet corn test plots, and to all others who aided in various ways 
with the different tests. 
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Table 2.—Control of corn earworm on Golden 
Cross Bantam sweet corn with several insecticide 
mineral oil emulsion sprays applied as individual 
ear treatments. 








TREATMENT: 3 APPLICATIONS 
AT 4 Day INTERVALS 


‘ton cticide MINERAL Worm- 


— — On FREE 
Per PER Ears 
Material Cent CEent! 


PER 100 
DDT? 0.75 
DDT 0.75 
DDT 0.75 
Q-137 0.7 
Q-137? 0.7: 
TDE 0.75 
Endrin 0.05 
DDT 0.75 
Isodrin 0. 
Methoxychlor 

U ntreated 


LSD 5% level 


| Ov Gr Gr Gr Gr Gr Gr 
> 





1 The mineral oil was U.S.P. Grade, with Saybolt viscosity of 
70 to 90 seconds. 

2 Insecticides dissolved in experimental solvent O-1172. 

3 5 per cent O-1172 substituted for mineral oil. 

4 Sovaspray 100 oil substituted for the regular mineral oil. 


1189,° endrin, isodrin, and methoxychlor. 
They were applied either as dusts or as 
emulsion sprays or as both dusts and 
emulsion sprays. The dust treatments 
used are shown in table 1 and the spray 
treatments are given in tables 2 and 8. 

The dusts were either standard commer- 
cial preparations or experimental formu- 
lations supplied by various companies. 
Most of the sprays were formulated from 
commercial 25 per cent emulsifiable con- 
centrates and U.S.P. grade mineral oil of 
70 to 90 seconds Saybolt viscosity. Cer- 
tain of the DDT and Q-137 emulsifiable 
concentrates were prepared by dissolving 
the technical materials in an experimental 
solvent.® These special formulations are 
indicated in table 2. 

Mernops.—Three series of experi- 
ments were conducted. The first of these 
consisted of individual ear brush dust 
applications, the second, individual ear 
spray treatments and the third, fixed 
nozzle boom sprays. Each treatment was 
replicated either three or four times in 
each experiment. With the exception of 
the fixed nozzle boom sprays each repli- 
cate consisted of a single row either 100 
or 200 feet long. The fixed nozzle spray 
plots consisted of double rows 100 or 200 
feet long replicated three or four times, 
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The dusts were all applied by hand 
with a one inch stencil paint brush. For 
this treatment a one-gallon wide-mouthed 
tin can containing several pounds of dust 
was strapped around the operator’s waist. 
The brush was pushed into the dust, then 
transferred with a slight but sudden 
thrust into the silk of the ear to be treated. 
Care was taken to strike the end of the 
ear squarely and to work the dust into the 
silk mass. Treatments were begun two to 
four days after the appearance of the first 
silks and were repeated at either 3 or 4 
day intervals until three or four applica- 
tions were made. Each silk mass was re- 
treated each time applications were made 
even though considerable visible dust de- 
posit remained from the previous dusting. 
This was necessary because the silks con- 
tinue to grow outward from the ear until 
pollination is complete, thus, unless re- 
treated, an area of silks is left free of 
insecticide immediately beyond the tip of 
the ear. Depending on the number of 
silks available for treatment, the dusts 
were applied at the rate of from 30 to 40 
pounds per acre per application. 

The sprays were applied with a small 
piston pump power sprayer mounted on 
the back of a garden tractor’? equipped 
with a special high clearance rear axle. 

Sprays were applied by fixed nozzle 
booms and as individual ear treatments 
by hand operated trigger guns. The gun 
used to apply the individual ear treat- 
ment was a modified painters spray gun® 
in which the outlet was tapped with one- 
eighth inch pipe threads to accommodate 
a Spray Systems one-eighth GG 1 nozzle. 
These trigger guns were operated at the 
end of 20 foot lead hoses attached to the 
sprayer. The guns were operated at a 
pressure of 90 pounds per square inch and 
from one to 1.5 cc. of spray was applied 
per ear per application. Three applications 
were made and were timed approximately 
the same as the brush dust treatments pre- 
viously mentioned. Depending upon the 
number of ears to be treated from 6 to 8 
gallons of spray were required to treat an 
acre of corn. 


> 2,3,3a,4,5,6,7,7a,8,8-decachloro-3a,4,7,7a-tetrahydro-4,7- 
methanoindene-1-one. Compound 1189, General Chemical Com- 

ny. 

6 Solvent 0-1172 (di-2-ethyl-hexy] sebacate) manufactured by 
Rohm and Haas Cc o. for use as a plasticizer intermediate. It is a 
viscous clear liquid possessing little taste or odor. 

7 Bolens Huski Ridemaster manufactured by Bolens Products 
Division, Food Machinery and Chemical Corporation, Port 

Washington, Wisconsin. 

8 Binks Model 190. 
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fixed nozzle boom power sprayer. 
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Table 3.—Control of corn earworm obtained with various emulsion sprays applied with a 











INSECTICIDE 











WorRM-FREE 











Test’ —— —- MINERAL OIL GALLONS NUMBER OF Ears PER 100 
No. Material Per Cent Per Cent PER ACRE APPLICATIONS AT HARVEST 
DDT 0.75 10 50 4 94 
DDT 0.50 5 50 4 92 
DDT 0.75 10 25 4 80 
1 DDT 0.75 10 25 3 79 
DDT 0.75 10 25 g 74 
Untreated : -- - - 43 
LSD 5% level 5 
DDT 0.75 10 50 3 90 
DDT 0.50 5 50 3 79 
DDT 0.75 10 25 3 72 
2 Untreated . — — 25 
LSD 5% level 10 
DDT 0.75 10 50 3 92 
4 90 
DDT 0.50 10 50 3 85 
4 90 
3 DDT 0.50 5 50 3 85 
4 90 
DDT 0.75 10 25 3 71 
+ 70 
Untreated -- = — — 6 
LSD at 5%=5.6 for 3 applications—5.2 for 4 applications 
DDT 0.75 10 50 3 98 
Q-137 0.75 10 50 3 84 
Endrin 0.05 10 50 3 73 
4 Isodrin 0.05 10 50 3 73 
Untreated -- —- — — 8 
LSD at 5% level 11 





1 Test No. 1 and 2 at Indio; No. 3 at Riverside, and No. 4 at Arvin. The interval between applications was 4 days at Arvin and 


8 days in the other 8 tests. 


For the fixed nozzle boom spray appli- 
cations, the equipment was modified to 
treat two rows of corn at a time. There 
were four spray nozzles per row, two for 
each side and they were adjusted to give 
complete coverage to 18 to 24 inches of 
the plant at ear height. One-quarter inch 
swivel-type Teejet® nozzles were used 
with No. 4 hollow-cone tips. The spray 
was applied at a pressure of 150 pounds 
per square inch and the machine was 
operated at a speed of approximately two 
miles per hour. The spray was applied at 
rates of 25 and 50 gallons per acre per 
application and two, three or four applica- 
tions were made. The applications were 
spaced 3 days apart. 

At harvest the ears were examined by 
pulling down the husks to expose the tips 
and the extent of infestation was deter- 
mined. Fifty ears were examined in each 


replicate. The total number of ears exam- 
ined for each treatment ranged from 150 
to 200 depending upon the number of 
replicates. The ears were scored as wormy 
or clean. Only those ears completely free 
of damage were scored as clean. 
Resu.ts.—Individual ear brush dust 
treatments.—The results of the individual 
ear brush dust applications are shown in 
table 1. All of the materials applied by 
this method resulted in from good to ex- 
cellent control. DDT, endrin and isodrin 
received the best ratings and resulted in 
from 90 to 97 per cent clean ears for the 
DDT, 92 to 96 per cent clean for endrin 
and 86 to 97 per cent clean for isodrin 
compared with from 4 to 6 per cent clean 
in the untreated plots. It is interesting to 
note in the Arvin experiment that the 
dust diluent composed entirely of a 
® Manufactured by Spraying Systems Co., Bellwood, Illinois. 
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ground soapstone resulted in 50 per cent 
clean ears as compared to 5 per cent clean 
in the untreated. Apparently heavy con- 
centrations of dust in the silks act in some 
way to either kill the eggs or newly 
hatched larvae. Under the conditions of 
these experiments the number of applica- 
tions and the spacing of the applications 
showed little or no differences in earworm 
control. Other work reported by Anderson 
et al. (1951) has shown that usually timing 
is very critical and that number of appli- 
cations and treatment intervals are de- 
termined by the rate and evenness of silk- 
ing. Treatments should begin within 2 to 
3 days after appearance of the first silks 
and be repeated at 3 or 4 day intervals 
until three to five applications have been 
made. 

In general the results obtained with 
dusts in the experiments were better than 
the results obtained by growers in com- 
parable treatments. As an example, the 
remainder of the Arvin field in which the 
experimental plots were located received 
three applications of 5 per cent DDT dust 
by the brush method. Seven counts of 50 
ears each were made in the area surround- 
ing the experimental plots. The worm-free 
ears ranged from 78 to 96 per cent and 
averaged 87 per cent compared with an 
average of 97 per cent worm-free in the 
experimental plots. 

Individual ear sprays.—The results ob- 
tained with individual ear sprays are in- 
dicated in table 2. As with the individual 
ear brush dust treatments all of the in- 
secticides tested resulted in from good to 
excellent control. While the DDT for- 
mulations resulted in the greatest number 
of clean ears the differences were not sig- 
nificant from the control obtained with 
Q-137, TDE and endrin. Methoxychlor 
resulted in significantly poorer control 
than most of the other materials. 

While endrin and isodrin did not result 
in as good control as some of the other 
materials it must be remembered that 
they were applied at much lower concen- 
trations than the other insecticides. The 
finished sprays contained 1.5 ounces of 
endrin or isodrin as compared to 1.5 
pounds of the other insecticides in 25 gal- 
lons of spray. 

With individual ear spray applications 
spray burn has occasionally occurred on 
the ear husks when more than 1.5 to 2.0 
cc. of spray was applied per ear or when 
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the sprays were formulated from certain 
commercial insecticide concentrates. Ap- 
parently certain solvents used in the pre- 
paration of the concentrates are more 
phytotoxic than others. In these tests 
spray burn occurred on the husks in three 
of the treatments. The first instance was 
with the DDT formulation where Sova- 
spray 100 oil'® was substituted for the 
U.S.P. grade mineral oil. Although U.S.P. 
grade mineral oil was used in all the other 
formulations, burning also occurred in the 
TDE and methoxychlor emulsion sprays. 
Apparently the solvents used in these for- 
mulations were to blame, as other formu- 
lations of these materials have been used 
on other occasions without injury. 

The solvent 0-1172 was included to 
determine if this material would be safer 
from the plant injury standpoint than 
some of the other commercial solvents. 
In these experiments no injury to either 
pollination or to the plant tissues occurred 
where this solvent was used. It was used 
with and without mineral oil and many 
attempts were made to overdose ears in 
order to induce injury but none occurred. 

Individual ear paint brush spray.—In 
three of the individual ear paint gun 
spray tests, additional individual ear 
treatments were made in which the liquid 
was applied by the paint brush dust ap- 
plication equipment. In these tests the 
DDT was used at 0.5 and 0.75 per cent 
and the mineral oil at 2.5, 5 and 10 per 
cent concentrations. From 2 to 3 ce. of 
solution was applied per ear. The gun and 
the brush spray methods were found to 
be equally effective. However, the brush 
spray method caused ear damage in some 
instances and further research is necessary 
on amount, time and concentration of 
applications by this method. 

Fixed nozzle boom sprays.—The results 
of tests conducted with fixed nozzle 
sprays are shown in table 3. DDT was 
most extensively tested although in one 
experiment at Arvin Q-137, endrin and 
isodrin were also applied by this method. 
DDT was used at concentrations of 0.50 
and 0.75 per cent in the finished spray and 
with 5 and 10 per cent mineral oil. Two, 
three and four applications were made at 
25 and 50 gallons of spray per acre per 
application. Two early experiments at 
Indio were directed against rather light 


10 An isoparaffinic fraction in the approximate distillation 
range of kerosene, S.U.S. viscosity 33 at 100° F and a U.R. of 97. 
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Table 4.—DDT residues on sweet corn resulting from various treatments. 
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Per CENT APPLICATIONS DDT Resipvr P.P.M. on 
CONCENTRA- $$ —_____— ——- — 
METHOD OF TION OF Leaves and Unhusked 
APPLICATION INSECTICIDE Rate Number Stalks Ears 
Brush dust 5.0 30 P./A. 3 161.0 125.1 
Individual ear spray 0.75 1.5-2 cc./ear 3 712.3 36.8 
Fixed nozzle boom spray 0.75 50 G.P.A. 3 170.0 57.3 
Airplane dust 10.0 40 P./A. 2 40.1 5.8 











earworm populations. The later experi- 
ments at Riverside and Arvin were con- 
ducted against heavier populations al- 
though these would be considered on the 
border between a moderate and a heavy 
infestation. In all the tests 3 or 4 applica- 
tions at 3 or 4 day intervals of 0.75 per 
cent DDT 10 per cent mineral oil emul- 
sions applied at the rate of 50 gallons per 
acre per application resulted in the best 
control and gave from 90 to 98 per cent 
clean ears. DDT at 0.50 per cent concen- 
tration and with either 5 or 10 per cent 
mineral oil applied at 50 gallons per acre 
per application also resulted in excellent 
control, there being little difference be- 
tween this and the preceding concen- 
tration. When these sprays were applied 
at the rate of 25 gallons per acre per ap- 
plication poor control resulted. Apparent- 
ly 50 gallons of spray per acre per appli- 
‘ation is the minimum necessary to in- 
sure maximum control. 

In the one test at Indio 2 applications 
at 25 gallons per acre was not significantly 
poorer than 3 applications and was barely 
poorer than 4 applications. In the other 
experiments there appeared to be little 
or no difference between three and four 
applications. Apparently at least 3 ap- 
plications are necessary to insure maxi- 
mum control. 

In the Arvin experiment the Q-137 
endrin and isodrin resulted in significantly 
poorer control than DDT. Endrin and 
isodrin, however, were applied at much 
lower concentrations than either the DDT 
or Q-137. With compounds endrin and 
isodrin only 3 ounces were applied per 
acre per application as compared to 3 
pounds of DDT or Q-137. Some slight 
yellowing of the plants was observed in 
all plots treated with the fixed nozzle 
boom spray. This, however, was not con- 
sidered to be particularly serious. The 
yellowing undoubtedly resulted from the 
rather large amounts of mineral oil de- 





posited on the surface of the foliage. 

Insecticide residues —DDT residue an- 
alyses were run on corn plants from 
certain of the treatments in the Arvin 
experiments. This entire field had _ re- 
ceived 2 applications of 10 per cent DDT 
dust applied by air at the rate of 40 pounds 
per acre per application prior to silking to 
control tassel worms that were feeding 
upon the foliage and developing ears. 
This treatment was applied early so that 
there was little, if any, effect upon the 
worms that normally enter the ear and 
thereby did not effect the earworm con- 
trol experiments but it did contaminate 
the plants from a residue standpoint. 
Samples were taken from brush dust, indi- 
vidual ear spray and fixed nozzle spray 
plots and from plots that had received 
no treatment other than the early airplane 
applications. Each sample consisted of 
9 plants, three taken at random from each 
replicate. The samples were divided into 
two categories, leaves and stalks and 
whole unhusked ears. The samples were 
ground and mixed and a 500 gram random 
sample was taken for analysis. The samples 
were stripped with benzene and the resi- 
dues in the benzene extract were deter- 
mined by the Schechter-Haller method. 
The data are presented in table 4. It is 
readily seen that extremely large amounts 
of residue are left on the plants and whole 
ears as a result of the treatments. As men- 
tioned earlier, all treatments were con- 
taminated by the early aircraft applica- 
tions. If this value is subtracted from the 
residue figures for the various treatments 
one can arrive at the approximate amount 
of DDT residue deposited by the later 
treatments. 

The individual ear spray treatments re- 
sulted in the smallest DDT residues on 
either plants or ears. This would be ex- 
pected since much less insecticide is used 
per acre than with any of the other treat- 
ments. 
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With the brush dust and fixed nozzle 
spray applications much larger amounts 
of insecticide are deposited on the plant 
and outer surface of the ears. These large 
DDT residues are of little consequence 
if one is considering only the ears destined 
for human consumption. Analyses carried 
out over the past several years involving 
various DDT formulations and methods 
of application have shown that there are 
either no residues or only insignificant 
amounts on the edible part of the ear. 
However, when the corn plants and the 
unmarketable ears are to be fed to live- 
stock the residues present a serious prob- 
lem. 

Discussion.—During the 1950 and 1951 
seasons, large acreages of sweet corn were 
treated by the brush method using 5 per 
cent DDT dust and no injury to pollina- 
tion has been observed. This method does 
not require expensive equipment or tech- 
nically trained operators. There are cer- 
tain disadvantages to this method, how- 
ever, that should be pointed out. Because 
brush dusting is an individual ear treat- 
ment it is time consuming and requires 
large crews of men to cover large acreages 
quickly. Timing of applications is critical. 
Under ordinary conditions this method 
of treatment should begin within one or 
two days after the appearance of the silk, 
and repeated applications should be made 
at no more than 3 day intervals for three 
or four applications. Brush dusting de- 
posits extremely heavy amounts of dust 
on the tips of the ears. Large accumula- 
tions of dust frequently lodge in the axils 
of the leaves and tabs of the ears thus 
giving them an unsightly appearance. This 
dust deposit is largely washed off if the 
ears are pre-cooled in an ice water bath 
before packing. However some packers 
follow the practice of crating the ears be- 
fore pre-cooling in the ice water bath. 
When this practice is followed the accumu- 
lation of dust remains caked in the silks. 

Individual ear spraying has not attained 
as much favor with growers as has brush 
dusting. The cost of equipment is greater 
and if power equipment is used difficulty 
is often encountered in wet fields, thus 
interfering with proper irrigation sched- 
ules. Large crews are also required if ex- 
tensive acreage is to be treated. If some 
of the operators lag behind the machine 
there is frequently a tendency for them to 
skip ears in an attempt to catch up with 
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other operators in the crew. These un- 
treated ears are difficult to detect thus 
complicating the job of supervision. If 
excessive amounts of sprays are applied 
there is danger of spray burn on the husks. 
The timing and number of applications 
with the individual ear spray method does 
not appear to be as critical as with the 
individual ear dust method. Better pene- 
tration and more thorough impregnation 
of the silk mass is obtained and if appli- 
cations are carefully and thoroughly made 
excellent control of earworm results. The 
number of applications necessary to in- 
sure control varies from two to four de- 
pending upon the rate and uniformity of 
silking. 

Fixed nozzle boom sprays have shown 
considerable promise under conditions of 
moderate infestations and under those 
conditions would be the most practical 
for the large grower to use. Under condi- 
tions of extremely severe infestations fixed 
nozzle sprays have not resulted in good 
control. The cost of equipment is high and 
difficulty is frequently encountered in 
wet fields. The advantages of this method 
lie in greater speed of application with 
less labor cost and less phytotoxicity 
hazards. With fixed nozzle spray appli- 
vations timing is perhaps more critical 
than with any other method. The first 
application should be made as nearly as 
possible at the time of the emergence of 
the first silks. 

Under conditions of extremely severe 
infestation an application just prior to 
silk emergence might be desirable. Re- 
peated applications should be made at 
three or four day intervals depending on 
the rate of silking. A spray containing 
0.75 per cent DDT and 10 per cent miner- 
al oil has proven to be the most satis- 
factory. From three to four applications 
at 50 gallons per acre per application are 
necessary to insure effective control. The 
cost of material for the fixed nozzle boom 
treatments is greater than for the other 
methods of application; however, this is 
largely offset by the decrease in labor 
costs. A certain amount of yellowing of the 
corn plants has been observed where fixed 
nozzle sprays have been used. Large in- 
secticide residues are deposited on the 
plants and outside surfaces of the ears 
with fixed nozzle applications. 

SuMMARY.—Three series of tests were 
conducted comprising thirteen experi- 
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ments in which eight chlorinated hydro- 
carbon insecticides were compared. The 
insecticides were applied as dusts and as 
emulsion sprays. The dusts were applied 
to individual corn ears with a stencil 
paint brush. The sprays were applied with 
a power sprayer either as individual ear 
treatments or as fixed nozzle treatments. 
Three or four applications were made with 
each treatment, and the treatments were 
replicated three or four times. Ears were 
examined at harvest and scored as to 
damage by the corn earworm. The ears 
were graded as wormy or worm free even 
though many of those scored as wormy 
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were marketable. Individual ear applica- 
tions were most effective though fixed 
nozzle spray applications show consider- 
able promise under conditions of moderate 
infestations. TDE, endrin, isodrin, Q-137 
and CS-708 all resulted in promising ear- 
worm control though DDT is still the 
preferred insecticide. 

Residue analyses were made on certain 
of the DDT treatments. Large DDT resi- 
dues on the leaves, stalks and ears resulted 
from all treatments. The least amount 
of residue was found on plants and ears 
treated with the individual ear sprays. 
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Action of Some Aliphatic Thiocyanates Against 


DDT-Resistant Strains of the House Fly 


C. Gustarson, Jr., T. Lies, and T. Waaner-Jaureaa, From the Medicinal Chemistry Branch, 
Chemical Corps Medical Laboratories, Army Chemical Center, Md. 


Reports of increased resistance to DDT 
being shown by the common house fly 
and other insects give rise to a desire of 
finding insecticides which are effective 
against resistant strains. Since investiga- 
tions have demonstrated that flies resist- 
ant to DDT will readily develop resist- 
ance to other chlorine-containing com- 
pounds, chlorine-free substances might be 
more promising in arriving at a solution 
to this interesting problem. 

Thiocyanates have long been known to 
possess marked insecticidal properties 
(Brown 1951; Shephard 1947). Wilcoxon 
& Hartzell (1934, 1935) published several 
papers on the toxicity of alkyl thiocya- 
nates to aphids and the mealy bug, among 
other insects. It was reported by Grove & 
Bovington (1946), that alkyl thiocyano 
acetates possess valuable knockdown 
properties when used against normal 
strains of the common house fly. One mem- 
ber of this group, 7.e., isobornyl thiocyano 
acetate, has found commercial use under 
the trade name “Thanite,” A patent 
(Searle 1949) indicated the same insecti- 
cidal activity for thiocyano alkyl esters of 
lower aliphatic acids. 

The present paper deals with the action 


of aliphatic thiocyanates against DDT- 
resistant strains of house flies. Compara- 
tive tests have been made with alkyl] 
thiocyanates (RSCN), thiocyanohydrins 
(HOR SCN), and different ester types 
(RCOOR’SCN and ROCOR’SCN). 

Though these substances are not as 
effective as DDT on a normal strain of 
house fly, their toxicity is approximately 
the same for the DDT-resistant strain as 
for the normal strain, which means a 
superiority of the thiocyanates over DDT 
in the case of DDT-resistant flies. 

The thiocyanates used in this investiga- 
tion are listed in table 1. The results of 
tests in which the substances were applied 
as contact insecticides against male and 
female DDT-resistant flies, are given in 
table 2 and 3. The over-all picture shows 
three gradually differing groups: 

(1) Ethyl and heptyl thiocyanate (No. 
42A and 42B) have the least knockdown 
activity and toxicity. 

(2) Somewhat more active are tetra- 
methylene thiocyanohydrin (No. 44) and 
cyclohexene thiocyanohydrin (No. 46). 
Also, of the same order of magnitude is 
2-thiocyano ethyl caproate (No. 41). 4- 
chloro butyl thiocyanate (No. 48) ranks 
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Table 1.—Properties of thiocyanates used in this investigation. 








pao %S 
7o> 
NAME AND ForMULA Mot. Wr. Borie Pr. np*° CALCULATED Founp 





or ] 8-thiocyano propionate 243.4 116-118°/0.43 mm. 13.2 13.29 
s( CH) CH(CH,)OCOCH: CH:SCN 
Capry! thiocyano acet 229.3 113-116°/0.35 mm. i 13.96 14.18 
(CH) CHiCH,)OCOCH:SCN 
2-Thiocyano ethyl] segiepate 159.0 98-102°/1 mm. r .14 20.03 
C:HsCOOCH:CH: 
2- ne ano ethyl ate 187.25 92-95°/0.2 mm. : 01 16.9 
sCOOCH;CH:SCN 
3- The rvano propyl butyrate 25 105-110°/3 mm. 
n-CsH;COOCH:CH:CH:SCN 
3-Thiocyano propy! propionate 2 88- 90°/0.065 mm. 
C:HsCOOCH:CH:2C ; 
3-Thiocyano propyl crotonate 23 120—121°/0.3-0.35 mm. 
CH;CH:  CHCOOCH:CH:CH;SCN 
4- re butyl propicnate 7.25 100-103°/0.1-0.15 mm, 
C:H;COOCH:CH:CH:CH:SCN 
Tetramethylene thiocy i drin .17 103-105/0.2 mm. 
HOCH:CH:CH:CH:SC 
Cyclohexene thigevanchy. dvin 2 115-120°/0.3 mm. 
0o-HOC.H; SCN 
4-Chlorobutyl thiocyanate 37.6 125-128°/1.1 mm. 
CICH:CH:CH:CH:SCN 
Ey ] thiocyanate .14 145/765 mm, 
Ss 


Hepty thi ca 27 120—122°/15 mm, 





Table 2.—Knockdown activity of thiocyanates against DDT-resistant house flies. 
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Table 3.—Toxicity of thiocyanates for DDT-resistant house flies. 
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approximately between this and the 
following group. . 

(3) The propionic and butyric acid 
esters of thiocyanohydrins of the formula 
HO(CH:),SCN (n=2, 3, 4) (No. 24, 35, 
37, 40) combine the highest knockdown 
and killing capacities. An unsaturated 
homolog, the crotonic acid ester of propy- 
lene thiocyanohydrin (No. 39), can also 
be included here. The substances of this 
group are chemically stable and free from 
irritancy and objectionable odor when 
pure. The toxicity for mice was found to 
be relatively low. Hence this class of 
compounds, of all thiocyanates studied, 
might prove promising from the practical 
standpoint. One of the substances namely 
4-thiocyano butyl propionate (No. 40), 
had been described at an earlier date in 
the patent mentioned before as effective 
against normal strains of flies. 

Two thiocyano acid esters (No. 14 and 
16) also showed high toxicity against DDT 
resistant flies (Table 3). These tests have 
been performed with later generations of 
the strain used for the experiments with 
the substances previously mentioned. 
Since these older generations seemed to 
be somewhat more sensitive towards 
thiocyanates the figures for these two 
substances given in table 3 should not be 
compared directly with the other values. 

Certain aromatic thiocyanates have 
fungicidal properties (Genzer et al., 1951). 
In order to get some information on the 
antifungal activities of the thiocyanates 
prepared for the present investigation, 
several of them were screened against 
Aspergillus niger, Trichoderma T-1, and 
Penicillium luteum by the Chemical 
Laboratories of the Inspection Equip- 
ment Agency, Army Chemical Center, 
Md. Two of the tested substances, name- 
ly, thiocyano ethyl isovalerate (No. 34) 
and capryl thiocyano acetate (No. 16), 
inhibited the growth of the tested fungi 
to a degree comparable to 2.2’-methylene- 
bis-(4-chloro-phenol), and are worthy of 
further consideration. Perhaps on more 
extensive investigation useful fungicides 
could be found among the aliphatic thio- 
cyanates. 

Test Procepures.—The normal strain 
of flies used was raised by Dr. F. M. 
Snyder and his assistants, of the Ento- 
mology Branch of the Chemical Corps 
Medical Laboratories. The DDT-resistant 
strain of house flies was developed by Dr. 
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B. Sacktor of the same laboratory. The 
flies were collected, and the sexes sepa- 
rated within 24 hours of hatching. They 
were held for five to six days on a diet 
of powdered milk, sugar, and water before 
testing. 

Because of a lack of facilities for em- 
ploying more intricate methods of test- 
ing, petri dishes were used in the evalua- 
tion of the substances. Acetone solutions 
of the substances were made which con- 
tained one milligram of material per milli- 
liter of solution. The dishes, whose area 
had been calculated, were coated with the 
necessary volume of the diluted acetone 
solutions to give the desired concentration 
of substance per square inch, and the ace- 
tone was allowed to evaporate, leaving 
behind a thin film of toxicant. Clean 
petri dishes were also prepared in which 
the flies were placed after exposure to 
the agent. Each such observation dish 
contained a vial filled with sugar water, 
stoppered with a cotton wick. 

Anesthetization with CO, was neces- 
sary in order to transfer the flies from the 
holding cages to the testing dishes. The 
technique was developed to the point that 
the flies recovered from the carbon dioxide 
within 30 to 60 seconds after transfer to 
the petri dishes. 

Twenty-five flies were used for each 
run. After being exposed for 10 minutes 
to the substance tested, the flies were 
then transferred to the clean observation 
dishes. Only in those cases where the flies 
remained active after the 10 minute ex- 
posure, being only slightly affected by the 
substance tested, was COs used as an 
anesthetic to facilitate transfer to the ob- 
servation dishes. 

The knockdown activity of the sub- 
stances was determined by counting the 
flies incapable of flight upon transfer to 
the observation dishes. The toxcity was 
determined by counting the number of 
dead flies in the observation dishes after 
24 hours. 

Most of the tests were repeated 2 or 
3 times. The 25, 50, 75 and 100 per cent 
figures recorded in tables 2 and 8 are inter- 
polated from the actual data obtained 
from the experiments with different con- 
centration of thiocyanates. Where the 
results were in fair agreement an average 

value was employed. In the one case of 
larger deviations the values obtained are 
noted in parentheses; this apparent in- 
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consistency may possibly be due to a 
variation in the strain of flies. 

The substances have been arranged in 
tables 2 and 3 roughly according to their 
increasing activity against female flies. 
In accordance with the findings of other 
investigators we observed that generally 
these were more resistant than males. 

It should be noted, that the test method 
used gives only a general picture of the 
order of magnitude of the activity of the 
compounds. Space spray tests might pro- 
vide a more realistic picture of their 
value as insecticides, but such equipment 
was not available for this investigation. 

Toxicity of Thiocyanates for Warm- 
Blooded Animals: Mechanism of Action 
of Tetramethylene Thiocyanohydrin as a 
Poison.—Toxicity tests in mice were con- 
ducted by the Toxicology Branch of the 
Chemical Corps Medical Laboratories. 
When injected intravenously in propylene 
glycol solution No. 34 had an LD5o=15 
mm'/kg., No. 24, 35 and 37 an LDs0 =30 
mm*/kg. The toxicity of No. 39 and 40 
was found between these figures. 

The LDso for rabbits (i.v.) was 5-6 
mg/kg for ethyl thiocyanate (No. 42A) 
and 6~7 mg/kg for tetramethylene thio- 
cyanohydrin (No. 44). In the case of the 
latter, pharmacological tests were per- 
formed by Dr. B. McNamara and Carl 
W. Bender, of the Pharmacology Branch, 
Cml C Med. Labs. to learn something 
about the mode of action of this substance. 
It was expected that the toxicity would be 
due to the liberation of cyanide, as has 
been shown for other thiocyanates (V. 
Oettingen, 1936). The following experi- 
ments were made: 

p-Amino-propiophenone (PAPP, 10 mg/kg, i.v.) 
was administered to six rabbits about 25 minutes 
prior to the previously determined LDhyoo dose (8 
mg/kg, i.v.) of tetramethylene thiocyanohydrin; 
none of the rabbits died. The protective effect of 
PAPP (formation of methemoglobin), suggests that 
the toxicity of HO(CH2)4-SCN is similar to that pro- 
duced by CN-. 


Tetramethylene thiocyanohydrin pro- 
duced a rise of blood pressure in artifici- 
ally respired cats. This is also suggestive 
of a cyanide-like action. i.e., hypertension 
resulting from interference with internal 
respiration despite adequate ventilation, 
or from stimulation of carotid body. 

It was also possible to demonstrate, by 
qualitative analysis, the presence of cya- 
nide ions in the blood of rabbits which 
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had received high dosages of HO(CH2).- 
SCN or of ethyl thiocyanate; the method 
of Gettler & Goldbaum (1947) was used 
in these tests. 


Preparation of Compounds 
Group I: RCOOR’SCN, w-thiocyano alkyl esters 


of aliphatic esters, were prepared by a three step 
synthesis: 

1. R COOH+SOCI.—RCOCI+S0.+HCl 

2. R COCI+HOR’CI>RCOOR’CI+HCI 

3. R COOR’CI+KSCN—RCOOR’SCN 

Group II: ROCOR’SCN, thiocyano acid esters, 
were prepared according to the procedure described 
by Grove & Bovington (1947). 

Group III: HOR’SCN, Thiocyano hydrins. The 
methods of Wagner-Jauregg (1948b) and of Van 
Tamelen (1951) were used for their preparation. 
For the synthesis of 4-chloro butyl thiocyanate see 
Vogelsang, Wagner-Jauregg and Rebling (1950). 

Ethyl] and hepty] thiocyanate were purchased from 
the Eastman Kodak Co. 


SummMary.—l1. It was found that ethyl 
and heptyl thiocyanate have relatively 
low toxicity and knockdown activity for 
flies, although the lower alkyl thiocya- 
nates are known to be very effective as 
fumigants for other insects (Brown 1951; 
Niefert 1925; Wagner-Jauregg 1948a). 
They are stable but have an objectionable 
odor. 

2. The addition of an OH group to 
lower aikyl thiocyanates, in opposite 
position to the SCN group, increased 
its activity as a contact insecticide, in 
agreement with earlier observations; but 
this change in structure diminished the 
stability of the molecule, and several 
members of the series have repugnant 
odors. 

3. Upon esterification of the hydroxyl 
group of thiocyanohydrins with lower 
aliphatic acids, substances are obtained 
which have marked properties of knock- 
down activity and toxicity for normal and 
DDT-resistant flies. The esters thus 
formed are stable, without undesirable 
odor and of relatively low toxicity for 
mice. 

4. It has been shown that tetramethyl- 
ene thiocyanohydrin liberates cyanide 
ions when injected into rabbits. 

5. B-Thiocyano ethyl isovalerate and 
capryl thiocyano acetate have been found 
to possess antifungal activity. 
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Determination of a Physiological Saline Solution for 


Aedes aegypti (L.) 


RicHarD O.uIver Hares 


Physiological salt solutions have been 
studied for many different animals, and 
there have been some rather extensive 
investigations concerning normal salt 
solutions for insects. To date, no known 
physiological saline solution has been for- 
mulated for use with members of the 
Culicidae (Diptera). Such a solution could 
conceivably greatly reduce the rate of 
distortion and destruction of the insect’s 
tissues and parasites which occurs during 
dissection. 

The use of such a medium would be 
readily applicable in surveys involving the 
dissection of mosquitoes to determine 
their vector potentialities in diseases of 
medical and veterinary importance, and 
in studies on parasites utilizing the mos- 
quito as their developmental host. It 
would find general application in morpho- 
logical and physiological studies. 

The determination of a_ satisfactory 
physiological saline solution for a member 
of the Culicidae was the purpose of this 
study. The osmotic pressure and the 
salt balance were the principal factors 


considered in the preparation of the per-_ 


fusion medium. 

Although references to studies concern- 
ing normal salt solutions for other ani- 
mals have prevailed for many years, the 
literature concerning similar studies in- 
volving insects is relatively recent. Glaser 
(1927) grew hemolymph cells from the 
larvae of four species of moths in a modi- 
fied Locke solution which he stated to 


be an isotonic salt mixture. In 1925, 
Eastham employed 0.60 and 0.75 per cent 
sodium chloride saline solutions for a 
study of malpighian tube movement in 
Drosophila funebris Fallen and Calliphora 
erythrocephala Meigen. 

A modified Ringer’s solution was used 
by Hobson (1928) in the study of the ex- 
cised crop and esophageal contractions 
from Dytiscus marginalis Lec. In the same 
year, Levy investigated solutions in which 
to study heart preparations of the blow- 
flies Phormia regina (Meigen) and Calli- 
phora erythrocephala Meigen. He devised 
a complex salt solution and recorded the 
best results as based upon the synchro- 
nous beats of three parts of the heart. 

In 1929 a 0.96 per cent saline solution 
for use in mitosis studies of sperm cells 
from the excised testes of the grasshopper 
Chorthippus lineatus Panz. was devised 
by Belar. This medium was later used by 
Silfer (1934) for an embryological study 
of Melanoplus differentialis (Thomas). 
Another saline solution was utilized in a 
study upon the cells of grasshoppers by 
Baumgartner & Payne (1931). 

In studying blood cells of the American 
cockroach, Periplaneta americana (L.), 
Taylor (1935) used a 0.975 per cent salt 
solution. Yeager (1939) prepared a saline 
solution to be used with the American 
roach by varying the proportions of a 
solution described by Babers (1938) and 
Levy’s solution until the steadiest state 
of heart beat was obtained with respect 
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to both rate and amplitude. Griffiths and 
Tauber (1940) devised a series of insect 
physiological solutions and tested these 
and several of the previously published 
types. They found a 1.5 per cent solution 
to maintain the strongest contractions 
for the longest periods of time. They based 
their conclusions upon the amount of 
muscular activity of the excised fore-gut 
of the roach. 

A Locke solution buffered at pH 7.4 
was used by Villes (1948) as the perfusion 
medium in his studies upon the larvae 
and the pupae of Drosophila melanogaster 
Meigen. 

Table 1 gives the formulation of the 
physiological saline solutions described 
by the authors mentioned in this review. 

MarTeriIALs AND Metuops.—The mos- 
quito Aédes aegypti (Linnaeus) was util- 
ized as the test insect throughout the 
course of the study. 


Table 1.—Insect physiological saline solu- 
tions. 

















NaCl KCl CaCh NaHCO; 

AUTHOR Date g/l g/l g/l g/l 
Baumgartner 1931 9.0 1.0 1.0 0.4 
Belar 1929 9.0 0.2 0.2 0.2 
Eastham 1925 6.0 
Eastham 1925 7.5 
Glaser 1917 9.0 0.42 0.25 0.28 
Griffiths 1940 §=14.63 0.45 0.5 0.19 
Hobson 1928 9.22 0.22 0.22 4 
Levy 1928 9.0 0.71 0.46 0.175 
Taylor 1935 9.0 0.25 0.3 0.2 
Villee 1948 9.0 0.4 0.2 0.26 
Yeager 1939 10.93 1.57 0.83 7 
1 Other g/l 5 NaH. PO.0.01 
2 Dextrose—10.0 6 Glucose—2.5 
3 Glucose—?.5 7 MgCl.—0.17 


4 Peptone—2.0 


The osmotic pressure was determined 
using the capillary tube method described 
by Halket (1913). 

Drops of blood and of sodium chloride 
solution of known strength were alter- 
nately drawn into capillary tubes averag- 
ing approximately three inches in length. 
The capillary tubes had inside diameters 
of approximately 200 microns and out- 
side diameters of about 340 microns. 
Each tube contained a number of drops 
of the two solutions alternating with each 
other, each drop being separated from the 
next one to it by an air space. Two termi- 
nal drops of the salt solution were pro- 
vided in addition to the regular sequence 
of the fluids. When there were four or 
five drops of blood in the tube, its ends 
were fire-sealed. The tube was then 
fastened to a 1X3 inch microscope slide 
by depressing it across two horizontal 
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clay strips which had been attached to 
the slide. The lengths of the drops were 
then measured with a micrometer eye 
piece in a compound microscope using a 
magnification of 20 diameters. The first 
and the last drops, which may have been 
slightly altered when the ends of the tube 
were sealed were not measured. 

After the drops were measured, the 
tubes were placed in a holding cabinet 
maintaining a temperature of 37 degrees 
Centigrade. Twenty-four hours later the 
drops were remeasured. During this time 
interval the vapor pressure in the air 
spaces between the drops attained a state 
of equilibrium. In doing so the water 
vapor in the air condensed upon the sur- 
face of the drops of solution of the highest 
concentration, and those drops increased 
in size. By testing a series of known salt 
solutions against the mosquito blood it 
was possible to find which solution 
brought about no change in the sizes of 
the drops of blood. That solution was iso- 
tonic with the insect blood. 

Fed and unfed male and female mos- 
quitoes of various age groups were used 
as blood sources. The mosquitoes were 
anesthetized with carbon dioxide. Their 
wings and legs were then removed, and 
they were then dissected with the aid of a 
dissecting microscope having a magni- 
fication of 30 diameters. The first abdomi- 
nal sternite was cut and a capillary tube 
was inserted into the body cavity. The 
clear body fluid then flowed into the tube 
with the aid of capillary attraction or 
was orally sucked into the tube by the 
investigator. Care was taken to insure 
that only the insect blood was collected 
and to prevent contamination with stom- 
ach contents and other debris. The drops 
of the known salt solution were introduced 
alternately into the capillary tube. 

The proper salt balance was determined 
by measuring the survival time of mos- 
quito spermatozoa in various complex 
salt solutions of the proper osmotic pres- 
sure and hydrogen ion concentration. 
The sperm were obtained by dissecting 
the male mosquitoes in the salt mixture 
to be tested. Minute insect pins mounted 
in applicator sticks were used to remove 
the male reproductive organs. The base 
of the common sperm duct was then cut, 
and the sperm dispersed throughout the 
saline solution. The sperm survival time 
was observed in uncovered drops of saline 
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and in drops under cover slips. 

The hydrogen ion concentration of the 
body fluid was determined colorimetri- 
cally using a micro technique outlined 
by Patton! (1949). Bromthymol blue was 
the indicator utilized, and colors repre- 
senting a pH range of 6.8 to 7.4, at inter- 
vals of 0.2 of a pH unit, were used. The 
hydrogen ion concentration of each 
colored solution was verified by checking 
it against a known standard on a Model 
G Beckman pH meter. 

Resutts.—Upon the basis of 72 tests 
0.95 per cent salt solutions were observed 
to be isotonic with Aedes aegypti adult mos- 
quitoes. No more variation was shown by 
males than by females. The lowest salt 
concentration tested was 0.7 per cent and 
the highest was 5.0 per cent. 

The hydrogen ion concentration was 
observed to be 6.9 by the colorimetric 
method using bromthymol blue as the 
indicator. 

A modified Belar’s solution buffered 
at a pH of 6.9 was found to contain the 
most satisfactory salt balance and to 
maintain sperm activity longer than any 
of the other physiological salines tested. 
The longest sperm life in uncovered drops 
was 46 minutes whereas the longest sur- 
vival time in covered drops was 120 
minutes. 

Upon the basis of the trials conducted 
.a solution consisting of 9.0 grams of sodi- 
um chloride, 0.2 gram of calcium chloride, 
0.2 gram of potassium chloride, and 0.1 
gram of sodium bicarbonate per liter of 
distilled water was found to be the most 
satisfactory physiological saline solution 
for use with Aedes aegyptt. 

Discussion AND ConcLusion.—The 
use of Halket’s capillary tube method for 
the determination of the osmotic pressure 
and of the time of spermatozoa survival 
as the criterion of salt balance have not 
been used previously in the formulation 
of physiological saline solutions. 
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capillary tube technique is that it re- 
quires only a minimum of equipment. It 
also permits determination of the osmotic 
pressure of very small volumes of fluid 
and it is accurate to 0.1 per cent. 

The principal disadvantage of this tech- 
nique is that some mixing of the drops of 
blood and of the salt solution occurred 
due to the liquid films deposited on the 
sides of the tube during the movement 
of the drops. 

Among the advantages of the spermato- 
zoa survival criterion is that each sperm 
cell represents an individual test. Thus 
the results are not based upon the reac- 
tions of a single organ, but they depend 
upon the reactions of a large number of 
individual sperm cells. The movement or 
cessation of sperm activity is readily ob- 
served, and the time lapse between re- 
duced activity and complete immobiliza- 
tion is quite short. 

The possibility of sperm death due to 
mechanical injury or other factors is the 
primary limitation in the use of this par- 
ticular criterion of salt balance. 

The hydrogen ion concentration of the 
blood of most insects is nearly neutral. 
Frequently it is slightly acid and in some 
forms it has been found to be slightly 
alkaline. Sodium bicarbonate was used 
to buffer the saline solutions and thus 
maintain the proper pH value. 

SumMMARyY.—A review of saline solutions 
used for several insects is presented, and 
the methods used for the determination of 
a satisfactory physiological saline for the 
mosquito Aedes aegypti (Linnaeus) is 
given. A modified Belar’s saline solution 
consisting of: 9.0 grams of sodium chlo- 
ride, 0.2 gram of both calcium and potassi- 
um chloride, and 0.1 gram of sodium 
bicarbonate per liter of distilled water was 
found to be the most satisfactory saline 
tested. 





1 Patton, R. L., 1949. Insect physiology oe Cornell 


The primary advantage of Halket’s _ univ., Ithaca, N. ¥., 3rd Rev., 229 pp. Unpublished. 
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Laboratory Culture of the Pink Bollworm 
on Chemically Defined Media 





Herman F. Beckman,'? Sara M. Bruckart,! and RayMonp Reiser? 


One of the greatest obstacles to research 
in insect nutrition and physiology has 
been the inability to rear and study the 
various stages under controlled condi- 
tions, including diet, in the laboratory. A 
number of insects have been reared on 
artificial media (Beck e¢ al. 1949, Fraenkel 
& Blewett 1946, Noland et al. 1950), 
but with few exceptions this has been ac- 
complished by the use of a crude diet. No 
record was found of an oligophagous insect 
having been reared under controlled con- 
ditions on a chemically defined diet. 

The pink bollworm, Pectinophora gossy- 
piella (Saund.), may be considered as 
an oligophagous insect, since it attacks 
only plants belonging to the family 
Malvaceae. It is one of the most important 
pests of cotton and was selected for this 
study in the hope that an exact knowledge 
of its nutritional requirements and physi- 
ological peculiarities would be obtained 
which might provide new avenues leading 
toward practical methods of control. 
Another advantage would be to have a 
constant supply of controlled specimens 
for laboratory study. 

A review of the literature on insect 
nutrition gave clues to the essential nu- 
trients for the insect diet. The protein 
requirements of insects have been demon- 
strated by Noland and Baumann (1951), 
who have also shown the differences in 
nutritive value of various proteins. The 
requirement for fat as such, other than as 
a source of energy, has never been demon- 


strated. However, linoleic and arachi- 
donic acids have been demonstrated to 
be essential nutrients in the diet of certain 
moths (Fraenkel and Blewett 1945, 1947). 
Fat-soluble substances, such as alpha- 
tocopherol and sterols, have also been 
found necessary for normal growth (Fraen- 
kel & Blewett 1944, Hobson 1935). It 
has been shown that vitamins A, D, and 
C are not needed for normal growth of 
insects (Bowers & McCoy 1940; Day 
1949; Trager 1947). 

Of the water-soluble vitamins necessary 
in insect nutrition, those of the B group 
are especially important (Fraenkel & 
Blewett 1942, 1944, 1947; Tatum 1941). 
These requirements may be satisfied in 
part by internal symbiotic microorgan- 
isms. 

EXPERIMENTAL.—Preparation of medi- 
um—The medium found to be the most 
successful for the rearing of pink boll- 
worms is a modified chick ration having 
egg albumin as the protein constituent 
(Reiser e¢ al. 1951). The use of crystalline 
vitamins and dextrose makes this ration 
almost completely water-soluble. Heating 
in boiling water coagulates the albumin 
and a homogeneous solid is formed. The 
composition of the medium is as follows: 


Bulk constituents 


Per Cent 
Dextrose 49 
Egg albumin 25 


1U.S.D.A., Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine. : 
* Texas Agricultural Experiment Station. 
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Cottonseed oil 20 
Salts 4 5 
Cholesterol 1 
Bie concentrate! 0.6 
Choline chloride 0.25 
Inositol 0.125 
Water-soluble vitamins 

mg./kg 
Niacin 70 
Calcium pantothenate 25 
Pyridoxine hydrochloride 8 
Riboflavin 8 
Thiamin hydrochloride 6 
p-Aminobenzoic acid 3 
Folie acid 2.5 
Biotin 0.25 

Fat-soluble vitamins 

mg./kg. 
Mixed tocopherols? 10 gm./kg. 
Menadione 15 
Carotene 330 
Vitamin D; 0.08 


1 B12, 12.5 mg. per pound. 
2170 mg. of D-tocopherol per gram. 


The composition of salts 4, according 
to Hegsted et al. (1941), is as follows: 


Grams 
CaCO; 1200.0 
K-HPO, 1290.0 
CaHPO,: 2H.0 300.0 
MgSO,:7H,0 408.0 
NaCl 670.0 
FeC,H;07: 6H,O0 110.0 
KI 3.2 
MnSO,: 4H,O 20.0 
ZnCl. 1.0 
CuS0O,: 5H:,0 1.2 


n-Butyl parahydroxybenzoate is used 
to inhibit mold formation. It is dissolved 
in ethyl alcohol in the proportion of 1 
gram per 10 ml. 

In the preparation of the medium, 150 
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ml. of distilled water is added in small 
portions to 100 grams of the dry material, 
and mixed well with each addition. Two 
ml. of the mold-inhibitor solution is then 
added slowly with stirring. About 150 
mg. of purified cotton linters* is placed in 
the bottoms of vials (15 by 45 mm.), 
and the medium is added until the linters 
are just saturated. It is not known whether 
these linters contribute some unknown 
nutrient to the medium. The vials are 
plugged with absorbent cotton, placed in 
a rack, and lowered into a boiling water 
bath for 10 minutes to coagulate the egg 
albumin. The rack is then removed and 
cooled in water. When cool, the vials are 
inverted until inoculated. 

Preparation of eggs for inoculation.— 
Pink bollworm eggs are placed in a 0.1 
per cent solution of mercuric chloride 
for 4 minutes, after which they are dipped 
in a physiological saline solution, using a 
sterile camel’s hair brush, and immediate- 
ly transferred to the wall of a vial just 
above the medium. Usually five eggs are 
put into each vial. The eggs are then incu- 
bated at 26°-29° C. High humidity is 
provided by keeping a large shallow con- 
tainer of water in the incubator. 

Resuutrs.—The results of experiments 
in which larvae lived past the first instar 
are summarized in table 1. In the first 10 
experiments the ration, which contained 
only 1 per cent of fat, supported growth 
only as far as the pupal stage. In one of 


3 Obtained from the Buckeye Cotton Oil Company, Memphis, 
enn. 


Table 1.—Results of laboratory experiments to culture the pink bollworm on a chemically defined 

















diet. 
Diet NuMBER OF Eaes NuMBER OF Pink BoLLworM LARVAE TO REACH 
EXPERI- —— ———_—_———— 
MENT Per Cent To Second Third Fourth 
No. Linters of Fat Total Hatch Instar Instar _Instar Pupa Adult 
1 + 1 333 95 4 $ 1 1 0 
2 + 1 } 86 54 2 Q l 1 0 
3 + 1 161 70 1 1 0 0 0 
4 — 1 236 1 1 1 1 1 0 
5 +- 1 629 356 37 21 10 4 3 
6 _ 1 313 238 4 1 0 0 0 
7 _ 1 47 47 7 3 1! 0 0 
Ss _ 1 147 115 8 3 Q 2 0 
9 + 1 274 108 12 0 0 0 0 
10 + 1 328 256 13 4 0 0 0 
11 + 5 126 65 4 2 1 1 1 
12 + 6 70 9 ] 1 1 1 1 
13 + 10 79 70 yd 5 4 Q2 1 
14 + 10 122 77 9 4 1! 0 0 
15 +- 20 158 97 24 17 7 6 6 
Total — — 3109 1658 144 68 30 19 12 
1 Long-cycle larvae were in the fourth instar for more than 2 months, 
21 killed by mold. 


3 1 a long-cycle larva. 
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these experiments the bollworms reaching 
the fourth instar were transferred to a 
medium containing 20 per cent of fat; 
of four purpae developing, three became 
adults. Moths that failed to emerge com- 
pletely were found to have malformed 
wings and to be deficient in wing scales. 
This essential fatty acid deficiency symp- 
tom has been described by Fraenkel & 
Blewett (1947). 

In experiments 11 through 15 the fat 
content was increased to 5 per cent or 
more, and normal adult moths emerged. 

Discussion.—In 25 earlier experiments 
few eggs hatched and the larvae died 
immediately. In these experiments, the 
principle of soaking the medium into 
linters had not been developed, nor had 
the optimum proportions of the constit- 
uents been determined. Furthermore, 
the larvae were incubated with no effort 
to control the moisture content. As the 
medium dried, larval growth was definite- 
ly slowed down, but on the addition of 
water was again accelerated. 

In the present experiments increases in 
fat level were at the expense of dextrose. 
The fat content of the medium was tried 
at 1, 5, 6, 10, and 20 per cent. A medium 
containing 1 per cent of fat supported 
slow larval growth and produced four 
abnormal adults. Media containing 5 and 
10 per cent of fat supported more rapid 
growth and produced a few adults, but 
the most rapid growth and the largest 
number of adults were noted with a 
medium containing 20 per cent of fat. 
The advantage of fat levels above 5 per 
cent was probably due to the physical 
properties the fat imparted to the medium 
rather than any added nutritive quality, 
although it is recalled that the pink boll- 
worm larvae do develop in the maturing 
cotton seeds. 

Efforts to achieve a more desirable 
texture as well as to introduce some bulk 
into the diet led to the use of purified 
cotton linters. It had been noted that 
media without cotton linters failed to at- 
tract the larvae, but that the cotton plug 
in the vial did attract them. The linters 
provided a medium with air spaces, at- 
tracted the larvae, and permitted them to 
tunnel. Fourth-instar larvae have been 
noted to feed upon the cotton plugs and 
have appeared also to consume the linters. 

Other inert materials were tested to 
supply desirable texture, such as pow- 
dered cellulose, methy] cellulose, asbestos, 
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glass wool, Fiberfrax,‘ wood pulp, and 
celite. With each the medium dried out too 
quickly or the texture of the coagulum 
was not desirable. 

In these experiments it was found that 
the moisture content of the medium 
should be kept constant. If dessication 
becomes evident, a few drops of water 
should be added. After pupae form, 
emergence of the adults may be hastened 
by bathing the pupal case with a few 
drops of water. 

The medium and conditions described 
herein may still not be the optimum, since 
even the shortest time from egg to adult 
was longer than occurs in the field. 
Furthermore, reproduction has not been 
obtained in the laboratory. 

An incubation temperature of 26 to 29° 
C. has been found to be satisfactory for 
the development of larvae and pupae. An 
incubation temperature of 35° C., while 
permitting an occasional egg to hatch, was 
always fatal to the newly hatched larvae. 

Although a high and fairly constant 
humidity has been maintained in the incu- 
bator by shallow pans of water, keeping 
the air circulating within the incubator 
also has helped to provide the desired 
humidity. 

By controlled handling of the eggs from 
the time of oviposition it should be possi- 
ble to increase the hatchability and de- 
crease the mortality during the first in- 
star, and possibly during the other in- 
stars, the pupal stage, and at emergence. 
Moths are now being induced to oviposit 
in the laboratory. 

How much the hatchability can be in- 
creased and the mortality of the larvae 
decreased has been difficult to estimate. 
Loftin et al. (1921) found that over 90 per 
cent of pink bollworm eggs never pro- 
duced adults in laboratory experiments, 
using green bolls on stems stuck into a 
vial of water. Under field conditions as 
high as 85 per cent of the eggs laid did not 
produce adults. However, under con- 
trolled and almost sterile conditions in the 
laboratory it should be possible to in- 
crease this efficiency greatly. 

In spite of possible physical damage to 
the eggs, however, the ration and cultural 
conditions used have proved adequate to 
allow some insects to develop from eggs to 
adults. 


nif product of the Carborundrum Company, Perth Amboy, 
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Comparative Effectiveness of the Ethyl and Methyl 
Homologs of Nine Phosphorus Compounds 
Against Four Cotton Pests 


E. E. Ivy, C. F. Ratnwarer, A. L. Scaues, and L. J. Gorzycxi, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine! 


In the development of organic phos- same activity as the ethyl esters and were 
phorus insecticides, it is generally recog- more active than the n-propyl esters, 
nized that maximum activity of the pyro- which would appear to substantiate 
phosphates, the fluorophosphonates, and Metcalf’s concept of a critical-size rela- 
the aromatic substituted phosphates of — tionship. 
the parathion type is usually associated That there are marked differences in 
with the presence of the (C2H;O).P’- or the effectiveness of certain alkyl substit- 
[(CH®).N].P”-group. Replacement of these uents against different species of insects 
groups by the methyl or propyl group, or was shown by Metcalf & March (1949). 
by hydrogen atoms, results in reduced They found that O,O-diisopropyl O-p- 
activity (Schrader 1947; Thurston 1946; nitrophenyl thiophosphate was ineffective 
Brauer 1948). Metcalf (1948) called at- against bees and did not inhibit bee-brain 
tention to the similarity in  molec- cholinesterase, but that it was toxic to 
ular dimensions of (C:H;O).P”- and flies and inhibited fly-brain cholinesterase. 
[(CH3)2N]2P”-groups, and suggested a They therefore concluded that specificity 
critical-size relationship. In support of of insecticidal action was due to specific 
this concept, he pointed out the similarity differences in enzyme properties. They 
in activity of the isopropyl and ethyl also showed that the methyl homologs of 
esters, which also have similar molecular para-oxon and parathion were slightly 
dimensions. Ivy (1953) reported that in 
thiophosphoriec acid esters of the Systox ste \ 
type, the isopropyl esters had about the Pik cooperation with the Texas Agricultural Experiment Sta- 
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more toxic to bees than the corresponding 
ethyl compounds, but that the ethyl com- 
pounds were slightly more toxic to flies. 

Magee & Gaines (1950) tested the di- 
ethyl and dimethyl homologs of a mer- 
captoacetylurea thiophosphate and of a 
‘arbamylmethyl thiophosphate against 
several species of cotton insects. They 
found that the ethyl compounds were 
more toxic to the cotton aphid, Aphis 
gossypit Glov., the cotton fleahopper, Psal- 
lus seriatus (Reut.), a spider mite, Sep- 
tanychus sp., and the differential grass- 
hopper, Melanoplus differentialis (Thos.), 
but that the methyl compounds were 
more effective against the boll weevil, 
Anthonomus grandis Boh. Schrader (1951) 
reported that parathion and Potasan 
(O,O-diethyl 4-methylumbelliferone thio- 
phosphate) were more toxic than their 
dimethyl homologs to white mice. Bottger 
& Yerington (1952) found that parathion 
was more effective than its dimethyl 
homolog against the citrus red mite, Para- 
tetranychus citri (McG.), the large milk- 
weed bug, Oncopeltus fasciatus (Dall.), 
and the celery leaf tier, Phylctaenia ruli- 
galis (Guen.), but that the methyl com- 
pound was more effective against the pea 
aphid, Macrosiphum pisi (Kltb.). 


From the foregoing it would appear 
that, although in general ethyl substitu- 
ents confer greater activity on phosphorus 
insecticides than: methyl substituents, 
there are exceptions to this rule, due per- 
haps to the specific differences between 
the enzymes of the various species, as sug- 
gested by Metcalf & March (1949). 
From fragmentary data available it ap- 
peared that the boll weevil was one of 
these exceptions. 

Data on the relative toxicity of the 
methyl and ethyl homologs of nine phos- 
phorus insecticides to four pests affecting 
cotton are presented in this paper. 

MarertAts.—The compounds included 
in the study are shown in table 1. In all 
cases they were used as received, having 
been previously purified, usually by dis- 
tillation, and their identity characterized 
by elemental analysis. 

The materials were formulated with an 
emulsifier, xylene, and water immediately 
before each day’s test. All applications 
were made as sprays at the rate of 15 gal- 
lons per acre. 

Meruops.—Tests were conducted 
against the boll weevil, the cotton aphid, 
the desert spider mite, Tetranychus de- 
sertorum Banks, and the cotton leafworm, 


Table 1.—Dosage-mortality relationships of nine pairs of ethyl and methyl homologs of phosphorus 








compounds. 
Powunpbs PER AcRE OF COMPOUND Requirep For INDICATED NET Mortatity 
Boll Weevils C ‘otton Aphids " Dese ert Spide r Mites Cotton 7 ealworms 
CompouNnD LD-50 LD-90 LD-50. L D- 90 LD-50 )=oL D- 90 I. D-50 _ LD-90 

(0)- p-Nitrophe ny 1 thiophosphat ate 

0,0-Diethy]l (parathion)! 0.150 0.413 0.022 0.143 0.081 0.640 0.002 0.523 

0,0- Dimethyl (methy]! parathion)? O11 .176 013 .102 .316 1.585 .051 .188 
$ Methylumbelliferone thiophosphate? 

0,0-Diethy] (Potasan) 165 .500 054 . 183 .032 .133 .109 .439 

0,0-Dimethy] (Methyl! Potasan) 087 347 092 .733 075 1.099 .069 310 
0-p-Nitro heny! thionobenzene phosphonate’ 

0-Ethyl (EPN) .096 . 221 . 152 .440 .021 1.121 .001 030 

0-Methyl (MPN) . 082 . 287 36 .683 071 1.359 001 056 
0-2-Chloro-4-nitropheny] thiophosphate! 

0,0-Diethy] (3677) .195 1.645 .058 . 293 .168 1.840 . 087 1.323 

0,0-Dimethy] (4142) .181 . 688 035 . 263 . 546 6.942 .006 5.907 
S-Carbamylmethy! dithiophosphate' 

0,0-Diethy]l (3741) . 600 2.842 .003 . 064 . 308 .950 5.589 21.670 

0,0-Dimethy] (3869) .170 .672 .176 747 254 1.109 2.720 12.800 
0-0-Nitrophe yl a ne phosphonate® 

0- ‘Ethyl (EO 1.505 6.828 274 . 660 .031 .108 .048 . 216 

0-Methy] tMON) .432 .705 412 1.073 .104 .334 1.423 6.438 
0-Ethylmercaptoethy] thiophosphate 

0,0-Diethyl (Systox)4 3.919 15.920 .003 .036 .013 051 2.558 99.070 

0,0-Dimethy] (Methy] Systox)5 3.098 11.480 017 074 037 .138 4.533 23.820 
S-Mercaptoacetylurea dithiophosphate! 

0,0-Diethy] (3885) 4.904 92.130 .009 .031 022 .154 4.614 59.000 

0,0-Dimethy] (3901) 1.527 10.730 G12 054 . 165 464 .319 823 
Dithiopyrophosphate® 

Tetraethy] (3472) 3.069 7.970 .340 2.136 . 220 2.906 . 806 6.613 

Tetramethyl (3650) 12.820 52.860 1.395 17.310 .605 2.219 1.323 9.327 





1 American Cyanamid Co, 
= ary Chemical Co. 
2. I. du Pont de Nemours Co. 
‘ Pittsbureh Agricultura] Chemical Co. 
5 Bayer, A. G. 
6 Monsanto Chemical Co. 
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Alabama argillacea (Hbn.). Boll weevils 
collected near Mante, Mexico, were used; 
the other species were reared in the labo- 
ratory. The cotton leafworm was tested in 
field cages in the manner described by Ivy 
& Scales (1950). Tests with the desert 
spider mite and the cotton aphid were 
conducted in the manner described by 
Gaines et al. (1950). Boll weevils were 
tested in laboratory cages, on potted cot- 
ton plants, but otherwise as described by 
Ivy & Scales (1950). The test period was 
5 days for the boll weevil and the cotton 
leafworm and three days for the other 
species. 

Untreated check plants were included 
in each test, and net mortalities were cal- 
culated by Abbott’s formula. Dosage 
levels were selected, so that net mortali- 
ties ranging from less than 50 to more 
than 90 per cent were obtained for each 
compound, At least three dosages in this 
range were used for each species, and 
after the range was established by pre- 
liminary tests, replicate tests were con- 
ducted within the established range. 
From data thus obtained dosage-mortal- 
ity lines were calculated according to the 
procedure described by Bliss (1938). For 
each of the dosage-mortality lines from 
1,000 to 2,500 aphids or spider mites, 
from 150 to 400 boll weevils, and from 300 
to 700 third-instar larvae of the cotton 
leafworm were used. 

Resvutts AND Discussion.—LD-50 and 
LD-90 values calculated for the 18 com- 
pounds are given in table 1. 

Against the boll weevil the LD-50 was 
always lower for the methyl compound 
than for the corresponding ethyl com- 
pound, with one exception—tetramethyl 
dithiopyrophosphate. In one instance the 
difference between two compounds was 
extreme—methyl parathion was 13.6 
times as effective as parathion. Some 
methyl compounds were 2 to 3 times as 
toxic as the ethyl compounds, and others, 
such as 0-methyl 0-p-nitropheny] thiono- 
benzene phosphonate, Systox, and 0,0- 
dimethyl 0-2-chloro-4-nitropheny! thio- 
phosphate showed little difference in 
toxicity. In case of the last two pairs of 
compounds, however, the slope of the line, 
another criterion for toxicity, is greater 
for the methyl compounds than for their 
ethyl homologs. 

Less confidence can be placed in the 
LD-90 than the LD-50 value, because of 
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statistical limitations, but it is of interest 
to note that the LD-90 of the methyl 
compounds were all lower than for the 
ethyl compounds, with the exception of 
tetramethyl] dithiopyrophosphate and me- 
thy] parathion. 

Against the cotton aphid the compara- 
tive toxicities were generally just the 
opposite of those found for the boll weevil. 
The ethyl compounds have lower LD-50’s 
with only two exceptions—parathion and 
0,0-diethyl 0-2-chloro-4-nitrophenyl thio- 
phosphate. Although most of the ethyl 
compounds were 2 to 3 times as effective 
as the corresponding methyl compounds, 
Systox was nearly 6 times as effective and 
0,0-diethyl S-carbamylmethy! dithiophos- 
phate 58.7 times as effective as their 
dimethy] homologs. 

Results with the desert spider mite 
were similar to those with the cotton 
aphid. The ethyl compounds were more 
toxic in eight pairs. There was only one 
exception: 0,0-dimethyl S-carbamylmeth- 
yl dithiophosphate was slightly more 
effective at the LD-50 level than its 
diethyl homolog. The two exceptions to 
the general order of toxicity found with 
the cotton aphid did not carry over to the 
spider mite, and the pair of compounds 
that differed most against the cotton 
aphid showed a reversed order of toxicity 
in tests against the spider mite. 

In tests against the cotton leafworm the 
ethyl compounds were more effective for 
five of the pairs of compounds, whereas the 
methyl compounds were more effective 
for four of the pairs. 

ConcLusions.—We may conclude, 
therefore, that the findings have supported 
the hypotheses made at the beginning of 
the study—namely, that the boll weevil 
is an exception to the general order of 
toxicity. Of the ethyl and methyl homo- 
logs of nine phosphoric acid esters, the 
ethyl compound is usually more effective 
against the cotton aphid, the desert spider 
mite, or the cotton leafworm but not 
against the boll weevil. Exceptions were 
found with each species, however, and 
there appeared to be no consistent pat- 
tern to these exceptions, or to the varia- 
tions in the relation between the dosages 
required for the two homologs against the 
different species. 

Two important facts emerge from the 
study. In the first place, in the develop- 
ment of new phosphorus compounds for 
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the control of the boll weevil, compounds’ we should be very careful in making too 
having methyl substituents should re- broad generalizations or assumptions con- 
ceive priority. However, in view of the cerning the specific performance of any new 
exceptions, in the absence of actual tests compound. 
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Field Tests with Sprays for the Control of Thrips 
and the Cotton Fleahopper 


C. R. Parencta. Jr., and C. B. Cowan, Jr., U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine’? 


Early season damage by thrips, Frank-wgspraying small plots, and its performance 


liniella spp., and midseason damage by 
the cotton fleahopper, Psallus seriatus 
(Reut.), in central Texas during 1952 af- 
forded an opportunity for tests to be con- 
ducted at Waco, Texas, with various in- 
secticides applied as sprays for the control 
of these insects. The experiments against 
thrips were begun early in June and 
against the cotton fleahopper during late 
June and early July. Infestations of the 
bollworm, Heliothis armigera (Hbn.), 
were also studied after the use of insecti- 
cides against the cotton fleahopper. 
EXPERIMENTAL ProcepuRE.—In small 
plot experiments, plots 16 or 20 rows wide 
and 0.2 acre in size were arranged in ran- 
domized blocks, with four replications of 
each treatment. Emulsion sprays were 
applied with a cart-type, four-row, hand- 
drawn machine constructed especially for 


was similar to that of tractor-mounted 
spray machines used in the large-scale ex- 
periments. A small gasoline engine was 
used to drive the pump. The cart contain- 
ing the spray equipment was mounted on 
two bicycle wheels and was drawn by one 
man at an approximate speed of 3 m.p.h. 
One nozzle per row was used, and the total 
volume of spray applied was 1.5 gallons 
per acre. The plots in large-scale experi- 
ments ranged in size from 2 to 10 acres. 
The emulsion sprays were applied with 
eight-row, low-pressure, low-volume spray 
machines, mounted on tractors. One noz- 
zle per row was used and the total volume 
of spray applied was 2 gallons per acre, al- 
ways at a pressure of 60 pounds per square 
- 1 In cooperation with the Texas Agricultural Experiment Sta- 
10n. 


? This work was conducted under the general supervision of 
K. P. Ewing. 
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inch. The amount of emulsion concentrate tions were made when the cotton was in 
ranged from 0.25 pint to 1 quart per acre, _ the four-leaf stage. Treatments and popu- 
depending upon the desired dosage of lation counts are shown in table 1. 
technical toxicant. The populations were determined by 
EXPERIMENTS AGAINST Turips.—The collecting 10 plants at random from each 
thrips infesting the cotton were deter- plot, bringing them to the laboratory, 
mined to be Frankliniella exigua (Hood) _ striking the tops of the plants across the 
and F. fusca (Hinds). The initial applica- black rubberized surface of a table, and 










Table 1.—Effectiveness of several organic insecticides against thrips on cotton. 















AVERAGE NUMBER OF THRIPS PER Puanr 
























PouNDs OF After Treatment 
TOXICANT Before — Seasonal 
[nee ‘TICIDE PER AcRE! Treatment 1 Day 5 to 9 Days Average 












Small-Plot Experiments 
Experiment 1 (3 — June 4, 11, and 20) 



















Toxaphene 0.75 2.7 0.3 2.2 1.6 
Aldrin .125 30 3 1.9 1.8 
Dieldrin .0625 3.7 x 1.5 Led 
Heptachlor 25 8.5 2 2.2 1.6 
BHC+DDT 16+ .25 $.1 3 $.1 2.2 
Isodrin me 2.9 5 $.1 2.2 
Difference required for 
significance, 5% level -— —- - 8 6 
Untreated outside check ~ 2.6 ‘. 6 11.8 9.4 
E xper riment 2 (3 applications, June 3, 12, and 18) 
Toxaphene 0.75 3.4 0.4 1.9 i - 
Heptachlor 0625 4,2 1.4 +.0 2.9 
.125 3.5 6 Pe | 1.8 
.25 3.2 4 2.7 be 
Endrin 05 5.2 8 3.0 2.1 
1 $3.2 6 2.8 1.8 
Difference required for 
significance, 5% level — - 4 Te ey 
Untreated outside check 4. 9 4.3 5.1 4.8 
E settles 3 (3 applications, June 5, 12, and 19) 
Toxaphene 0.75 3.9 0.4 1.9 LB - 
EPN 125 3.9 - 2.4 hs 
.25 3.8 oa 1.8 9 
Heptachlor . 125 2.5 & 2.6 1.4 
Aldrin 125 4.5 6 2.9 12 
Endrin 1 4.6 38 2.8 1.5 
Difference required for 
significance, 5% level ~- 2 Pf 4 
Untreated outside check - 5.8 7.3 9.8 8.6 
Large-Scale Experiments 
Experiment 4 (3 applications, June 5, 12, and 19) 
EPN 0.125 3.2 0.1 2.8 1.4 
BHC 15 $3.1 a 3.6 1.9 
BHC+DDT 075+ .125 1.9 4 2.8 1.6 
Toxaphene 15 1.1 5 1.5 1.0 
Untreated check - 2.9 4.6 6.9 5.8 
Experiment 5 (3 applications, June 5, 12, and 19) 
Isodrin 0.1 8.5 1.2 5.6 3.4 
Endrin 1 8.2 a 6.0 3.3 
EPN .125 4.0 Br 4.7 2.5 
Toxaphene 75 2.0 5 2.8 1 ey 
Untreated check 8.5 7.5 72 7.4 
E apeuaith 6 (3 applications, June 5, 12, and 19) 
Heptachlor 0.125 71 0.2 4.1 2.2 
Aldrin .125 Te ol 1.9 1.3 
Dieldrin yo 8.0 2 1.8 8 
Toxaphene 75 6.3 5 2.7 1.6 
Untreated check = 5.9 8.7 10.4 9. 





1 Dosages for BHC refer to the gamma isomer. 
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counting the dislodged insects. These rec- 
ords were made 1 day and 5 to 9 days 
after each insecticide application. 

In the small-plot experiments, un- 
treated plots were not included within the 
randomized-block experimental design, 
but were located in the same fields adja- 
cent to the treated plots. 

In experiment 1 each insecticide gave 
almost complete initial kill of the thrips, 
as indicated by the records made 1 day 
after treatment. The records for 5 to 9 
days after each application and the sea- 
sonal average of all the records made 
after treatment started show that toxa- 
phene, aldrin, dieldrin, and heptachlor 
gave significantly better residual control 
of thrips than BHC plus DDT or isodrin. 

In experiment 2, 1 day after treatment 
heptachlor at 0.0625 pound per acre was 
significantly less effective than other 
treatments. The records for 5 to 9 days 
after treatment and the seasonal averages 
show that the two highest dosages of 
heptachlor were significantly better than 
the lowest dosage, and that toxaphene was 
significantly better than the lowest dosage 
of endrin. 

In experiment 3, 1 day after treatment 
EPN was significantly better than toxa- 
phene, aldrin, and endrin, The records for 
5 to 9 days after treatment show that 
toxaphene and EPN at 0.25 pound per 
acre were significantly better than hepta- 
chlor, aldrin, and endrin. The seasonal 
averages show that the 0.25 pound of 
EPN was significantly better than other 
insecticides except toxaphene, and that 
toxaphene was significantly better than 
aldrin. 

In large-scale experiments toxaphene 
was used as the standard insecticide. It 
gave better residual control of thrips than 
EPN, BHC, and BHC plus DDT in 
experiment 4, In experiment 5 toxaphene 
gave better control than EPN, isodrin, or 
endrin. Dieldrin gave the best thrips 
control in experiment 6, and aldrin and 
toxaphene gave better control than 
heptachlor. 

EXPERIMENTS AGAINST THE COTTON 
FLeanoprer.—During the last several 
years when the early-season insect control 
program was used in central Texas, the 
cotton fleahopper caused little or no dam- 
age later in the season. In 1952 the in- 
festations were later than usual and be- 
came injurious by midseason. 


Ewing and Parencia (1949) emphasized 
the importance of stopping early-season 
treatment at least 4 weeks before boll- 
worms appear, to give beneficial insects 
ample time to build-up so that they 
might control or assist in controlling the 
bollworm. In 1950 they reported that in 
all early-treated fields beneficial insects 
became very abundant shortly after the 
cotton began to bloom and gave excellent 
control of bollworm eggs and young 
larvae. 

Since the cotton fleahopper is easily 
killed with low dosages of most of the or- 
ganic insecticides, several experiments 
were conducted to determine which in- 
secticide when thus applied would be 
most effective during the mid-season when 
control of only this insect was needed. 
Such an insecticide should remain toxic 
for 10 to 14 days, so that one light appli- 
cation would give control without de- 
stroying beneficial insects. 

The same small-plot experiments used 
for thrips control were utilized in the cot- 
ton fleahopper studies, but the large-scale 
experiments were different. In each ex- 
periment only one insecticide application 
for cotton fleahopper control was made. 
Treatments and residual toxicity, as in- 
dicated by records made 1, 6, 10, and in 
some experiments 13 days after treatment 
and the average infestation after treat- 
ment, are shown in table 2. 

The applications made for thrips con- 
trol apparently delayed cotton fleahopper 
build-up. At the time treatment was 
needed for their control the infestation in 
the treated plots of experiments 1 and 3 
averaged 37 and 41 cotton fleahoppers per 
100 terminals as compared with 63 and 67 
in the respective outside untreated check 
plots. 

None of the differences in control ob- 
tained with the various insecticides in the 
three small-plot experiments were sig- 
nificant. These experiments were unsatis- 
factory for evaluating the efficacy of dif- 
ferent treatments against the cotton flea- 
hopper, because the insect was easily 
killed with organic insecticides and an in- 
secticide applied to each small plot appar- 
ently killed insects in adjoining plots. 
This is illustrated in experiment 2 (0.2- 
acre plots), in which no appreciable dif- 
ferences in control were obtained with 
three dosages of heptachlor. No significant 
difference was shown in residual control 
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Table 2.—Effectiveness of several organic insecticides against cotton fleahopper. 











NuMBER oF Corton FLEAHOPPERS PER 100 TERMINALS 














PounpDs OF Before 






After Treatment 
Seasonal 





ToxIcaNT Treat- 
INSECTICIDE PER Acre! ment 






1 Day 6Days 10Days 13 Days Average 


























Small-Plot Experiments* 
Experiment 1 (1 application, July 2) 
34 10 


Toxaphene 0.75 3 14 — 9 
Aldrin 125 40 5 14 30 — 16 
Dieldrin -0625 40 1 15 14 —_ 10 
Heptachlor 25 39 3 11 15 — 10 
BHC+DDT 15+ .25 32 6 9 19 — 11 
Isodrin ve 36 7 15 21 — 14 
Untreated outside check — 63 58 54 35 — 49 
Experiment 2 (1 application, July 9) 
Toxaphene 0.75 33 8 10 6 — 8 
Heptachlor .0625 30 7 12 10 — 9 
125 30 5 13 11 —_— 10 
.25 30 3 9 12 - 8 
Endrin .05 31 Q 11 8 y: 
a 36 3 9 5 - 5 
Untreated outside check — 39 32 36 18 - 32 
Experiment 3 (1 application, July 10) 
Toxaphene 0.75 35 4 17 — 8 10 
EPN 125 42 2 17 —_ 15 11 
25 52 1 15 — 13 10 
Heptachlor . 125 49 4 15 . 11 10 
Aldrin 125 38 4 15 — 9 9 
Endrin 1 30 2 12 — 6 6 
Untreated outside check — 67 55 48 —- 27 43 
Large-Scale Experiments 
Experiment 4 (1 application, June 24) 
Toxaphene 0.75 22 3 16 12 10 10 
Dieldrin ‘1 19 1 33 25 19 19 
Aldrin -125 28 + 38 39 29 28 
I Teptachlor .125 21 5 49 36 36 31 
Untreated check — 18 13 39 37 34 31 
Experiment 5 (1 application, July 1) 
Toxaphene 0.75 23 3 4 8 8 6 
Dieldrin | 43 1 6 15 13 9 
Aldrin .125 36 Q 16 31 18 16 
Heptachlor .125 62 2 22 32 28 21 
Untreated check — 32 17 39 31 39 32 
Experiment 6 (1 application, July 2) 
Toxaphene 0.75 74 1 4 19 8 
Dieldrin me 48 g 6 16 : 8 
Aldrin 125 48 3 10 22 - 12 
Heptachlor 125 41 3 14 35 — 14 
Endrin ol 38 3 7 20 -- 9 
Isodrin eS 42 4 8 31 — 14 
Untreated check — Q7 25 22 35 — 27 
Experiment 7 (2 replicates, 1 application, June 30) 
Toxaphene 0.75 34 1 7 8 8 6 
BHC+DDT 15+ .25 30 5 8 14 13 9 
Endrin 1 35 0 9 14 16 10 
EPN . 125 40 $ 18 23 26 $a 
Untreated check 30 18 23 17 15 18 













1 Dosages for BHC refer to the gamma isomer. 
2 Untreated checks were not included in analysis of data. 


obtained with these treatments and that 
obtained with toxaphene. However, in 
each of three large-scale experiments toxa- 
phene gave much better control than the 
0.125-pound heptachlor treatment. Re- 
sults of the large-scale experiments gave 


a much better indication of the compara- 
tive effectiveness of the various insecti- 
cides in the control of the cotton flea- 
hopper. 

The same insecticides were used in 
large-scale experiments 4 and 5, but treat- 
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ment was made 1 week earlier in experi- 
ment 4. In that experiment, 1 day after 
treatment, dieldrin gave the best initial 
kill of the cotton fleahopper, but the other 
insecticides also gave good reductions. 
For the average after treatments toxa- 
phene gave the best residual control, 
dieldrin the next best; heptachlor and 
aldrin gave poor control. The infestations 
in the latter treatments approximated 
that of the untreated check 6, 10, and 13 
days after treatment. 

Results in experiment 5 were similar to 
those obtained in experiment 4, except 
that residual control obtained with diel- 
drin compared more favorably with that 
obtained with toxaphene. 

In experiment 6, 6 days after treatment, 
toxaphene, dieldrin, endrin, and isodrin 
gave better control than aldrin and hep- 
tachlor, but after 10 days toxaphene, diel- 
drin, and endrin gave better control than 
the other insecticides. 


There were two replicates of each treat- 
ment in experiment 7. One day after treat- 
ment, each insecticide gave almost com- 
plete initial kill; 6 days after treatment, 
toxaphene, BHC plus DDT, and endrin 
each gave better cotton fleahopper con- 
trol than EPN; and 10 and 13 days after 
treatment toxaphene gave the best con- 
trol and BHC plus DDT and endrin each 
gave better control than EPN. 

BotiworM Inrestations.—Records of 
bollworm infestations made in the small- 
plot experiments during the 2-week period 
after treatment for cotton fleahopper con- 
trol are shown in table 3. 

In small-plot experiment 1 the boll- 
worm infestation was light, and differ- 
ences in degree of injury in plots treated 
with the various insecticides were not sig- 
nificant. The square and boll injury in 
these plots was slightly higher than in the 
untreated outside check plots. 

In experiment 2 the bollworm square 


Table 3.—Bollworm infestations after the use of insecticides for midseason control of cotton flea- 


hoppers. 








BoLLWorM INFESTATION 





Number Per 100 Terminals 
(Av. of 3 records) 


PouNDS OF 


Per Cent Injured 











TOXICANT Squares (Av. Bolls 
INSECTICIDE Per Acre! Eggs Larvae of 2 records) (1 record) 
Experiment 1 (1 application, July 2) 
Toxaphene 0.75 3 1 Q 6 
Aldrin 195 3 2 2 5 
Dieldrin .0625 2 1 2 6 
Heptachlor 25 Q 1 3 4 
BHC+DDT .15+.25 3 2 3 3 
Isodrin a 4 1 1 3 
Difference required for 
significance, 5% level — — — — — 
Untreated outside check - 1 0.3 0.1 Q 
Experiment 2 (1 application, July 9) 
Toxaphene 0.75 21 4 9 10 
Heptachlor .0625 21 iY 7 6 
.125 21 6 11 13 
25 23 7 13 14 
Endrin .05 22 4 11 9 
a 20 5 11 10 
Difference required for 
significance, 5% level — — —- 3 — 
Untreated outside check — 15 4 8 8 
Experiment $8 (1 application, July 10) 
Toxaphene 0.75 20 4 9 8 
SPN .125 16 7 11 14 
.25 17 7 16 16 
Heptachlor .125 17 4 8 10 
Aldrin 195 18 6 8 8 
Endrin a 18 5 7 7 
Difference required for 
significance, 5% level _ — — 4 5 
Untreated outside check — 18 3 7 7 





1 Dosages for BHC refer to the gamma isomer. 
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injury was significantly lower with the 
lowest dosage of heptachlor than with the 
other treatments except toxaphene and 
was significantly lower with toxaphene 
than with the highest dosage of hepta- 
chlor. The injury with toxaphene and with 
the lowest dosage of heptachlor was about 
equal to the injury in the untreated out- 
side check. These results emphasize the 
importance of using the lowest dosage of 
an insecticide that will give satisfactory 
control of the cotton fleahopper during 
the midseason period. The lowest dosage 
of heptachlor could not be expected to 
give satisfactory cotton fleahopper con- 
trol, but toxaphene at 0.75 pound per acre 
and endrin at 0.1 pound will both give 
satisfactory control. Differences in boll 
injury were not significant, but injury in 
the toxaphene and endrin treatments was 
only slightly higher than in the outside 
untreated check. 

In experiment 3 the square injury rec- 
ords show that the bollworm infestation 
was significantly higher in plots treated 
with 0.25 pound of EPN than with the 
other insecticides. The boll injury records 
show that the bollworm infestation was 
significantly higher with both dosages of 
EPN than with toxaphene, aldrin, and 
endrin. The boll injury in the latter treat- 
ments was about the same as that in the 
outside check. These results indicate that 
EPN, even at 0.125 pound per acre, 
should not be used for cotton fleahopper 
control during the midseason period. 

Records made in a large-scale experi- 
ment showed the same trend of increased 
bollworm infestations after the use of 
0.125 pound of EPN per acre that was 
observed in the small-plot experiments. 
Two weeks after treatment for cotton 
fleahopper control the square injury was 
13 per cent in the EPN-treated plots as 
compared with 6 per cent in the plots re- 
ceiving toxaphene, endrin, and BHC plus 
DDT. 


SumMARY.—Insecticides applied as 
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sprays were tested in several small-plot 
and large-scale field experiments con- 
ducted at Waco, Texas, during 1952 for 
the control of thrips, Frankliniella spp., 
early in the season and the cotton flea- 
hopper, Psallus seriatus (Reut.), during 
the midseason period. Studies of infesta- 
tions of the bollworm, Heliothis armigera 
(Hbn.), after the application of insecti- 
cides for cotton fleahopper control were 
also made. 

The following insecticides and per-acre 
dosages gave the most effective thrips 
control: Dieldrin, 0.0625 pound and 0.1 
pound; toxaphene, 0.75 pound; aldrin, 
0.125 pound; heptachlor, 0.125 and 0.25 
pound; and EPN, 0.25 pound. Residual 
control was not so good with BHC, 0.15 
pound gamma plus DDT, 0.25 pound; 
BHC, 0.15 pound gamma; EPN, 0.125 
pound; endrin, 0.1 pound; and isodrin, 
0.1 pound. 

Small-plot experiments were found to 
be unsatisfactory for evaluating the ef- 
ficacy of different insecticides in the con- 
trol of the cotton fleahopper. Records 
made in large-scale experiments 1 day 
after treatment showed good initial kill of 
the cotton fleahopper with toxaphene, 
0.75 pound; dieldrin, 0.1 pound; aldrin, 
0.125 pound; heptachlor, 0.125 pound; 
endrin, 0.1 pound; isodrin, 0.1 pound; 
BHC, 0.15 pound gamma plus DDT, 0.25 
pound; and EPN, 0.125 pound. Records 
made 6, 10, and 13 days after treatment 
showed that the best residual control of 
the insect was obtained with toxaphene, 
dieldrin, endrin, and gamma BHC plus 
DDT; residual control obtained with 
aldrin, heptachlor, EPN, and isodrin was 
poor. 

Bollworm injury after one application of 
EPN at the rate of 0.125 pound per acre 
for midseason cotton fleahopper control 
was significantly higher than after one ap- 
plication of toxaphene, 0.75 pound; 
aldrin, 0.125 pound; and endrin, 0.1 pound. 
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Effectiveness of Lindane Vaporizers! 


R. A. Fuuton, W. N. Suuirvan, and G. F. Mancan, Bureau of Entomology and Plant Quarantine, 
Agri. Res. Adm., U.S.D.A. 


Electrically heated devices for dispers- 
ing lindane vapors in enclosed spaces 
(Fulton et al. 1950, 1952) have recently 
come into widespread use. Such devices 
vaporize approximately 1 gram of lindane 
per day. During the past year experi- 
ments have been conducted to determine 
the operational characteristics of these 
lindane vaporizers, and the amount of 
vapor that may be present in a treated 
space. 

A room with a capacity of approxi- 
mately 11,000 cubic feet was selected for 
the tests. It had three large windows and 
two doors, which could be opened for 
ventilation. The vaporizer was mounted 
on the outside wall approximately 6 feet 
from the floor and 5 feet from the ceiling. 
The lindane was vaporized from a Pyrex 
cup approximately 3 inches in diameter and 
2 inches high. The temperature of the 
air between the heating element and the 
cup containing the lindane was main- 
tained at 118° C. The cup was weighed 
before and after each test to determine 
the amount that had been vaporized. 

Because of excessive leakage of dichlo- 
rodifluoromethane from nearby refrigera- 
tion units, which caused high results in 
analyses by the total-chlorine method, 
the air samples were collected and ana- 
lyzed by the method described by Horn- 
stein & Sullivan (1951). The general 
arrangement of the sampling locations 
and the vaporizer unit is shown in figure 
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Fic. 1.—Diagram of room showing position of 
vaporizer unit and sampling locations. 


1. Locations 1 to 4 are 9, 5, 10, and 25 
feet respectively, from the vaporizer unit- 
(V). With the exception of one test, all 
the samples and mortality data shown in 
the tables were obtained at location 1. 

In one test series air samples were taken 
at four locations in the room, with and 
without ventilation, to determine the 
variation in concentration caused by air 
exchange and convection currents. In a 
second test series the air was constantly 
circulated over the refrigerated coils of an 
air-conditioning unit to determine the ef- 
fect on the lindane concentration. In 
another test, four vaporizers mounted on 
four walls were used to determine the 
amount of vapor present in the room and 
the effectiveness of this abnormal vapor 
concentration. 

Screen cages containing nonresistant 
house flies were placed on clean surfaces, 
exposed for definite time intervals, and 
then removed and held until mortality 
counts were made at the end of 24 hours. 
Later, four species of roaches, the con- 
fused flour beetle, and carpet beetle larvae 
were exposed for evaluating the effective- 
ness of the lindane vapor. The room tem- 
perature was maintained at 85° F. during 
these tests with insects. 

The results of the analyses to determine 
the distribution of the lindane vapor with 
and without ventilation are shown in 
table 1. When no ventilation was pro- 
vided the concentration was uniform 
throughout the room, but when one win- 
dow and one door were open samples 
taken at the same points showed a wide 
variation caused by eddy currents of air 
moving across the room, but with all the 
windows and one door open a uniform 
ventilation was obtained. 

The results of the tests to determine the 
effect on the concentration of lindane in 
the air when it was constantly circulated 
over the refrigerated coils (48° F.) of an 
air-conditioning unit are shown in table 2 
The tests were made during a period of 
high humidity, and approximately 2 gal- 
lons of water was removed during each 


1 Presented at the meeting of the American Association of 
Economic Entomologists at Philadelphia, Pa., December 15-18, 
1952. 
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Table 1.—Lindane concentration, in micro- 
grams per liter,' at four locations within a room 
with and without ventilation. 
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Table 2.—Effect on lindane concentration in a 
room with one vaporizer when the air was recir- 
culated through an air-conditioning unit. 














TEemPER- Sampiine Location 
ATURE — 
Test ConpITIONS (‘F.) 1 2 3 4 
Room closed 89.5 0.11 0.18 0.17 0.12 
One window and one door 
open 85 2w— .05 .30 
Three windows and one 
door open 79 .042 .049 .044 .044 





! To convert micrograms per liter to milligrams per 1,000 cubic 
feet multiply by 28.3 


24-hour period. This water contained ap- 
proximately 1 microgram of lindane per 
milliliter. The amount of lindane in the 
water removed by the air-conditioning 
unit had little effect on the concentration 
of lindane vapor in the air. 

Four vaporizer units with enclosed 
thermostats set at the same temperature 
and each filled with a weighed amount of 
lindane from the same source were 
mounted in the same room, with the win- 
dows and doors closed, and operated for 
3 days. At the end of this period losses in 
lindane ranged from 1 to 6 grams. The 
temperature had not changed except in 
the unit showing the minimum loss in 
weight, where it was 5 degrees lower. 

The results of the chemical analyses 
and house fly mortality tests in the room 
with and without ventilation are shown in 
table 3. One test was made with the doors 
and windows closed, another with the 
doors and windows open, and a third with 
windows and doors closed but with the air 


Time AFTER 


Arr-Con- 
DITIONING 
Temper- Unit Was Renative'  LInDANE 
ATURE StarteD Humipity (MicroGram 
( F.) (Hours) (Per CENT) PER LITER) 
88 0 80 0.141 
3 65 0.295 
6 62 0.137 
7 62 0.105 
24 50 0.079 
85 72 50 0.093 
96 52 0.111 
120 55 0.111 
80 168 45 0.120 





within the room constantly circulated 
through the air-conditioning unit. The re- 
sults corroborated previous findings (Ful- 
ton et al. 1952), and showed that a meas- 
urable amount of lindane vapor was al- 
ways present even though there was a 
rapid exchange of air within the enclosed 
space. The air exchange during the test 
with the windows and doors open was ap- 
proximately 3,000 cubic feet per minute. 

To determine the effectiveness of the 
lindane vapor for periods of long exposure 
without ventilation, two tests were made 
against four species of roaches, carpet 
beetle larvae, and the confused flour 
beetle. For the first test only one vaporizer 
was used. For the second test four vapor- 
izers were used to determine the effect of 


Table 3.—Lindane concentration and mortality of house flies in tests with one vaporizer in a 11,000 


cubic foot room. 








LINDANE 
VAPORIZED 
IN 24 Hours 
(GRAMs) 


TEST 


No. Test ConpDITIONS 


1 Windows and doors closed! 1. 








~ 
‘ 


14 


ros) 


Windows and doors open! 


3 Windows and doors closed with 
air-conditioning unit operat- 
ing continuously? 


91 


Per Cent 
MortTALITY OF 
Houser Fires 
in 24 Hours 


LINDANE Con- 
CENTRATION 
(MicROGRAM 

PER LITER) 


EXPOSURE 
PrerIopD 
(Hours) 





0.067 0.5 


or 
_ 
~ 


.016 


a 


100 
100 
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~] 
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1 Average of results obtained on 2 days. 
2 Results obtained on 1 day. 
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Table 4.—Effectiveness of lindane-vaporizer units against several insects in a room without venti- 














lation. 
LINDANE 
CoNCENTRA- Per Cent Mortatity 
LINDANE TION 
VAPORIZED (Micro- Exposure American Oriental German  Brown- Confused Carpet 
in 24 Hours GRAMS PER  PeERIOD Cock- Cock- Cock- Banded Flour Beetle 
(Grams) LitER) (Days) roach roach roach Roach Beetle Larvae 
One vaporizer 
0.91 0.17 1 6 0 0 90 0 0 
7 38 42 70 100 0 0 
11 63 96 91 100 10 0 
Four vaporizers 
4 .33 3 69 99 —_ 100 98 4 





abnormally high vapor concentration. 
Table 4 shows the brown-banded roach to 
be the most susceptible of the roaches to 
the vapor of lindane and the American 
cockroach the least. The confused flour 
beetle appears to be susceptible when 
exposed to high concentration, but there 
was practically no effect on the carpet 
beetle larvae. 

SumMary.—Tests to determine the 
operational characteristics and effective- 
ness of lindane vaporizers were conducted 
in a large room. These tests showed that 


the concentration of the vapor, based on 
determinations made at the same loca- 
tions, ranged from 0.11 microgram per 
liter in a closed room to 0.044 microgram 
in a room with three windows and a door 
open. Air-conditioning units had little 
effect on the concentration of the vapor. 
House flies were controlled after 3 hours, 
even though the room was constantly 
ventilated. Four species of roaches were 
affected by the vapor present in nearly 
air-tight rooms after 11 days’ exposure. 
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Effect of Different Treatment Schedules for Control 
of Cotton Insects! 
R. L. Hanna and W. J. Mistric, Jr. 


There has been some work done each 
year since 1946 at the Texas Station in an 
attempt to evaluate various early season 
and late season schedules for cotton in- 
sect control. Work done in the College 
Station area by Gaines, e¢ al. (1947), 
Gaines, & Wipprecht (1948) (1950) and 
Hanna & Gaines (1952) has indicated 
that early season application of insecti- 
cides on limited areas resulted in earlier 
fruiting of cotton but no increase in yield. 
Also, during the late season boll weevil 
and bollworm infestation period, the num- 
ber of applications were reduced by con- 
fining the late season applications to a 


period which usually corresponds to the 
bollworm infestation period. This allowed 
the plants to set all the fruit that they 
were capable of maturing during that 
time. However, attempts to lengthen the 
5-day treatment interval in order to re- 
duce the number of applications were not 
successful. 

The increase in mechanical harvesting 
and the uncertain availability of labor for 
hand harvesting have augmented the ad- 
vantages of having all the bolls that the 


1 Technical Contribution No. 1733, Texas Agricultural Ex- 
periment Station in cooperation with the Bureau of Entomology 
and Plant Quarantine, U. S. Department of Agriculture 
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Table 1.—The average thrips, fleahopper, boll weevil and bollworm infestation and yield of 











seed cotton on experiment 1 at College Station, Texas. 
‘TREATMENTS— FLEAHOPPERS SQUARES Per Cent Bo.is 
Ear.Ly SEASON ‘THRIPS ON 20 on 100 PUNCTURED BY INJURED BY POUNDS PER 
APPLICATIONS PLaNnts! TERMINALS* Bout WEEVILS* BoL.iworms* ACRE 
None 43.5 11.9 20.1 3.3 975 
47.7 7.3 15.0 $.2 956 
2 29.3 8.8 14.2 3.0 1007 
3 10.4 11% 14.8 3.2 992 





1 Average of 72 counts on 6 different dates. 

2 Average of 36 counts on 8 different dates. 

8 Average of 60 counts on 5 different dates. 

« Average of 48 counts on 4 different dates. 
plants are capable of producing mature 
early and as near the same time as possi- 
ble. Therefore additional research along 
these lines is both practical and desirable. 
The work done in 1952 is herein reported. 

Experiment 1 was a randomized block 
test which was designed to compare the 
effectiveness of 1, 2 and 8 early season 
applications. The plats averaged approxi- 
mately 1.5 acres in size and there were 4 
plats in each block. The four replicates 
were in different fields. One plat in each 
block received 3 early season applications 
of insecticides, the first when the cotton 
was in the 4 to 8 leaf stage, the second 7 
to 10 days later and the third 7 to 10 days 
after the second. A second plat in each 
block received only the last two applica- 
tions and a third received only the last. 
The remaining plat in each replicate was 
not treated during this period. Toxaphene 
spray was applied at approximately 0.9 
pound active ingredient per acre for the 
first two applications but was increased to 
1.6 pounds per acre for the last applica- 
tion, in order to kill over-wintered boll 
weevils, Anthonomus grandis Boh. Late 
season applications for all plats became 
necessary to control boll weevils the first 
week in July and had to be continued at 
5-day intervals until most of the bolls were 
mature in mid-August for boll weevil and 
bollworm, Heliothis armigera (Hbn.), con- 
trol. Insect infestation, square, and boll 
counts were made at 7-day intervals 
throughout the season. Seasonal averages 
of insect infestation and yield are shown 
in table 1. Square and boll counts are 
shown in table 4. 

Analysis of variance indicates that 
thrips control was better on the plats 
which received three early season treat- 
ments than on those which were given 
only the last two applications. Those 
which had two applications had superior 


thrips control to those which received 
only the last application. There were no 
significant differences between treatments 
in either fleahopper, Psallus  seriatus 
(Reut.), boll weevil or bollworm control. 
The light fleahopper infestation occurred 
between the early season and late season 
treatment periods and all plats were 
treated alike during the boll weevil and 
bollworm infestations. Square counts 
show that all plats receiving early season 
treatment reached their fruiting peak 
about one week ahead of those which 
received no early season treatments. 
There were no significant differences in 
yield between treatments. 

Experiment 2 was a small plat random- 
ized block test designed to compare the 
same three early season schedules as ex- 
periment 1, to compare a 4-day interval 
with an 8-day interval schedule for late 
season control and to test all possible 
combinations of these early season and 
late season schedules. This resulted in the 
12 different treatment-schedule combi- 
nations shown in table 2. Each plat was 
0.1 acre in size and there were 8 replicates 
of each treatment. All plats were dusted 
with 2.5 per cent dieldrin-40 per cent sul- 
phur until the bollworm infestation made 
it necessary to add 5 per cent DDT to the 
formulation. The first two early season 
applications were made at an average 
rate of 5 pounds per acre and the third 
was made at an average rate of 11 pounds 
per acre. Late season applications were 
made at an average rate of 13 pounds per 
acre. Plats treated at 8-day intervals re- 
ceived only five late season applications 
while those treated at 4-day intervals 
received 9. 

The first early season application con- 
trolled the thrips populations during the 
period of greatest intensity and conse- 
quently only those plats receiving three 
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Table 2.—The average thrips, fleahopper, boll weevil and bollworm infestation on experiment 2 


at College Station, Texas. 








THRIPS ON 


SQUARES 
FLEAHOPPERS PUNCTURED SQUARES BoL.s 
on 100 BY Bott INsJuRED BY INJURED BY 





APPLICATIONS 20 Puants! Trerminats*? Weevits*' Boiiworms® BoLLworms' 
Early Season Only 95.3 9.7 25.1 16.8 16.1 
Early Season Only 60.0 7.6 19.1 21.3 12.9 
Early Season Only 10.3 11.2 18.4 16.0 13.0 
Late Season Only (8-day interval) 71.3 11.5 11.0 6.3 5.6 
Late Season Only (4-day interval) 82.7 6.2 8.8 4.4 3.4 
Early+1 Late (8-day interval) 95.0 6.4 12.7 6.4 4.6 
Early+1 Late (4-day interval) 122.3 8.5 Tai 8.7 8.1 
Early+1 Late (8-day interval) 56.0 6.2 15.6 7.0 6.3 
Early+1 Late (4-day interval) 90.6 7.8 7.9 2.4 3.3 
Early+1 Late (8-day interval) 16.7 4.5 14.4 8.3 9.6 
Early+1 Late (4-day interval) 9.7 7.5 8.3 3.4 Fe | 
No Treatment 87.0 13.0 21.7 20.4 14.3 





1 Average of 8 records from May 22 to June 4. 
2 Average of 4 records from June 18 to July 9. 
3 Average of 7 records from July 14 to August 14. 
4 Average of 7 records from July 19 to August 20. 


early season applications had significantly 
fewer thrips than the untreated plats. 
The light fleahopper infestation occurred 
between the early season and late season 
application periods and was apparently 
unaffected by the treatments. Those plats 
which were dusted during the late season 
control period had significantly less boll 
weevil damage than those that were not. 
However, the difference between the 4- 
day and 8-day interval was not signifi- 
cant. This may have been because the boll 
weevil infestation was never severe. 
Although the bollworm infestation was 
never extremely heavy there was an aver- 
age of 14 per cent injured bolls for a 
period of 6 weeks in the untreated plats. 
The differences in treatment yields were 
apparently due to differences in degree of 
bollworm control. The plats which re- 
ceived late season treatment had signif- 
icantly less bollworm injury and yielded 
twice as much seed cotton as those plats 
which had no late season applications. 
Also the 4-day treatment interval was 


Table 3.—Average yield per acre on experi- 
ment 2 at College Station, Texas. 








LaTE SEASON 








No Late APPLICATIONS 
SEASON Sneteteep ee eio ene 
AppLica- (8-day (4-day 
TREATMENTS TIONS Interval) Interval) AVERAGE 
Applications— 
No early season 712 1500 1588 1267 
1 early season 671 1389 1689 1250 
2 early season 745 1303 1733 1260 
0 early season 723 1219 1596 1179 
Average 710 1353 1652 1239 





significantly better in both bollworm con- 
trol and yield than the 8-day treatment 
interval. Yields are shown in table 3. 
Early season treatments did not increase 
yields and the square and boll counts in 
table 4 show no earlier fruiting for the 
early treated plats. A similar small plat 
experiment in 1951 showed significantly 
earlier maturity in the plats receiving 
early season treatment, Hanna and 
Gaines (1952). 

Experiment 3 was a test of randomized 
block design set up to compare the relative 
effectiveness of aldrin-DDT (1-2), diel- 
drin-DDT (1-2) and toxaphene-DDT 
(2-1) as sprays for late season control of 
cotton insects both at 4-day and at 8-day 
treatment intervals. Each plat was 0.1 
acre in size. Applications of insecticides 
were made from July 2 to August 6. Plats 
which were treated at 4-day intervals 
received 9 applications of insecticides 
while those that were treated at 8-day 
intervals received only 5. Toxaphene- 
DDT (2-1) was applied at an average 
rate of 2.9 pounds of active ingredients 
per acre. Aldrin-DDT (1-2) and dieldrin- 
DDT (1-2) were applied at an average 
rate of 0.8 pound active ingredient per 
acre. Average insect infestations and 
yields are shown in table 5. 

Toxaphene-DDT and _ dieldrin-DDT 
controlled boll weevils more effectively 
at the 4-day treatment interval than al- 
drin-DDT. Toxaphene-DDT and dieldrin- 
DDT also gave better control of boll 
weevils at 4-day intervals than at 8-day 
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Table 4.—Average numbers of bolls and 
squares on 20 feet of row, experiments 1 and 2 at 
College Station, Texas. 
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Table 5.—The average boll weevil and boll- 
worm infestation and yield of seed cotton on 
experiment 3 at College Station, Texas. 








Experment 1! 








No Early 1 Early 2Early 3 Early 





Season Season Season Season 

; Appli- Appli- Appli- Appli- 

Weex Form cations cation cations cations 
2nd Squares 37 44 39 28 
June Bolls 0 0 0 0 
$rd Squares 94 125 110 100 
June Bolls 0 0 0 0 
4th Squares 180 239 211 227 
June Bolls 1 3 3 4 
Ist Squares 212 214 190 209 
~ | Bolls 17 20 20 22 
2n Squares 156 117 127 139 
July Bolls 84 112 93 95 
$rd Squares 99 100 108 88 
July Bolls 122 342 152 152 

EXPERIMENT 2? 

2nd Squares 92 98 104 102 
June Bolls 0 0 0 0 
8rd Squares 187 194 185 180 
June Bolls 0 0 0 0 
4th Squares 317 318 289 345 
June Bolls 12 15 16 15 
Ist Squares 339 338 348 365 
July Bolls 67 86 77 60 
2nd Squares 229 221 215 252 
July Bolls 161 192 179 177 





1 Each entry an average of 12 counts, 
2 Each entry an average of 9 counts. 


intervals. The control with aldrin-DDT 
at 4-day intervals was not significantly 
better than that obtained with the 8-day 
treatment interval. There were no sig- 
nificant differences in boll weevil control 
between the three mixtures when applied 
at 8-day intervals. All insecticidal treat- 
ments protected the cotton from damage 
by the relatively small number of boll- 
worms present. The field in which this 
test was located suffered an extreme loss 
of fruit because of drouth and many 


AveRAGE Per CENT 











og Bolls? YreLp 
'unc- Injured 
tured y Gain 
by Boll Boll- Per Per Over 
TREATMENT We eevils worms Plat Acre Check 
Toxaphene-DDT 
(4-day) 13 2 25.3 506 136 
— 24 
(8- 24 1.1 18.7 374 4 
Dieldrin-DDT 
(4-day) 15 1.0 27.1 542 172 
Dieldrin-DDT 
(8-day 22 3.4 23.6 472 102 
— bp’ T 
24 1.9 25.6 512 149 
Aldrin {Ror 
(8-day) 27 2.2 25.4 508 338 
Check 43 5.6 18.5 370 — 





1 Average of 10 records made from July 7 to August 9. 
2 Average of 8 records made from July 18 to August 14. 


squares saved from insects were shed later 
or never matured. This was probably the 
reason that the superior boll weevil con- 
trol obtained with the 4-day treatment 
interval did not result in increased yield. 

SumMary.—Replicated tests designed 
to evaluate the effectiveness of 1, 2, and 
3 early season insecticidal applications 
both on a small plat basis and on a larger 
plat basis showed no significant differences 
in yield between the three treatment 
schedules and the control. The large plat 
test indicated a slightly earlier fruiting 
for all plats receiving early treatment 
than for the control plats. Small plat 
tests showed that an 8-day treatment 
interval did not compare favorably with 
a 4-day treatment interval under condi- 
tions of damaging boll weevil or boll- 
worm infestation. 
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Performance of Malathon for Control of the Pea Aphid! 


L. P. Dirman,? AMinuD Kramer? and A. O. SAu.sBury, JR.! 


In small plot tests in 1951, malathon 
compared favorably with DDT, para- 
thion, and the systemic poison octamethy] 
pyrophosphoramide in reducing aphid 
population on peas (Ditman & Burk- 
hardt, 1952). Plots receiving malathon 
emulsion sprayed at the rate of 1.25 pints 
of 50 per cent emulsifiable concentrate 
in 30 gallons of water per acre consistently 
outyielded plots receiving other treat- 
ments. Because of these favorable results 
an expanded program for determining 
further the practicability and performance 
of malathon was carried out in the spring 
of 1952. A small plot experiment was con- 
ducted for the purpose of determining 
minimum effective dosage and residues. 
The effect of malathon on flavor and qual- 
ity of treated peas was studied. Because of 
unfavorable conditions for development of 
an aphid population, the first objective 
could not be accomplished. Extensive 
observations were made on commercial 
applications of malathon by ground 
sprayer and by plane. Malathon and DDT 
emulsion sprays were compared in ground 
treatment and observations were made on 
varying dosages of aerial sprays. 

Several of the organic phosphorus com- 
pounds are highly effective against the 
pea aphid. They are generally superior to 
DDT and the other chlorine containing 
insecticides. The systemic phosphorus 
compounds, of whith octamethyl pyro- 
phosphoramide has been most thoroughly 
investigated, are effective in soil, seed, or 
foliage applications (Bronson & Dudley 
1951; Casida et al. 1952), but they are 
undesirable because they leave small but 
persistent residues that apparently carry 
over into the canned product; further- 
more, Ditman & Burkhardt, 1952, ob- 
served a 25 per cent reduction of germi- 
nation when applied as seed treatment. 
Parathion is highly effective for the pea 
aphid and has been successfully used com- 
mercially in Maryland for several years in 
both plane and ground applications. The 
highly volatile phosphorus materials such 
as tetraethyl pyrophosphate have such a 
brief period of effectiveness that their 
successful use is dependent on a high 
initial mortality. Malathon has certain 
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advantages over the insecticides men- 
tioned above; it appears to be equal or 
superior to any available insecticide in 
effectiveness against the pea aphid; itis 
less hazardous to the operator than the 
other organic phosphorus materials; and 
it leaves no residues on vines or fruit if a 
period of about two weeks is allowed be- 
tween treatment and harvest. Because of 
the long period of protection against build- 
up, it may be applied at a relatively early 
stage of pea plant development. 

EXPERIMENTAL ApproacH.—In the 
small plot tests, residues were determined 
on vines from plots receiving the heaviest 
application of malathon and on canned 
peas from all treatments. The dosage rates 
of malathon 50 per cent emulsifiable con- 
centrate on these plots were varied from 
0.5 to 2 pints per acre in increments of 
0.5 pint. Time of treatment and number 
of applications were varied for the heavi- 
est rate as will be noted in the results. 

Commercial treatments with ground 
equipment at 1.5 pints of 50 per cent 
emulsion in 25 gallons of water per acre 
were made to compare malathon with 
DDT emulsion. Airplane spraying with 
dosages ranging from 1 to 2 pints of 50 
per cent emulsion in 3 to 4 gallons of 
water per acre were compared with com- 
mercial DDT aerosol treatments. Con- 
clusions of the effectiveness of commercial 
applications of malathon were based on 
reduction of initial infestation, on the 
comparative performance with DDT as 
indicated above, on the general level of 
aphid population or build-up after treat- 
ment, and on the general virulence of the 
aphid infestation in the area involved as 
shown by examination of untreated fields. 

Resutts AND Discussion.—Ground 
sprays. Observations were made on five 
fields of peas treated with a single appli- 
cation of 50 per cent emulsifiable mala- 
thon applied at the rate of 1.5 pints in 25 
gallons of water per acre and on two fields 

1 Scientific Paper No. A396; Contribution No. 2416; of the 
Maryland Experiment Station, Department of Entomology. 

2 Research Associate Professor, Department of Entomology, 
Maryland Experiment Station. 

3 Professor of Food Technology, Department of Horticulture, 
University of Maryland. 

4 President, Saulsbury Bros., Ridgely, Maryland. 


5 This work was done with the cooperation of Chas. T. Wright- 
son & Sons, Easton, Md. 
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treated with 30 per cent DDT emulsion 
applied at 1.33 pints in 25 gallons of water 
per acre. These sprays were applied with a 
high clearance corn sprayer, as described 
by Black 1951, fitted with a broadcast 
boom as described by Ditman and Burk- 
hardt, 1952. A virulent aphid infestation 
was present in the area and weather was 
such as to produce an average crop. 
Treatments were made when populations 
were between 35 and 100 aphids per sweep. 
The effectiveness of treatments was based 
on observations made approximately a 
week before harvest. Nature of treatments 
and results are given in table 1. Initial 
kills were high and the period of protection 
so long that even when made early in the 
development of the pea plant a single 
application allowed the crop to mature 
before a rebuild-up of population took 
place. This canner sprayed half his acreage 
with DDT emulsion and half with emulsi- 
fiable malathon. There was no question 
in his mind as to the superiority of mala- 
thon as an aphicide for pea aphids. 

Airplane Spraying.—In plane treat- 
ments, 50 per cent emulsifiable malathon 
was applied in concentrated water emul- 
sion, from 1 to 2 pints per acre in 3 and 
4 gallons of water. The first series of tests 
was conducted on Alaska peas near 
Ridgely. This canner has been using lique- 
fied gas-DDT aerosols for pea aphid con- 
trol so that the two methods could be 
compared in his fields. Nature of treat- 
ments and results are given in table 2; 
it is apparent that all concentrations of 
malathon were highly effective. It is of 
particular interest that maximum reduc- 
tion of aphids occurred on the tenth day 
after treatment. Though sweep counts 
were not recorded, this canner kept close 
watch on all fields and there was no 
further build-up of aphid population on 
any malathon-treated fields. 

On Engermann field 2 there was a rapid 
build-up after May 21 and retreatment 
was necessary. On the rest of this canner’s 
acreage, the control obtained with DDT 
aerosols was variable; on some fields a sin- 
gle treatment was adequate, on others, 2 
or 3 treatments were necessary. 

Further observations on the effective- 
ness of air treatments were carried on 
with the cooperation of a canner’ whose 
acreage was planted in the vicinity of 
Trappe. Though observations were not as 
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Table 1.—Low volume ground sprays, time of 
treatment, and observations on results as indi- 
cated by average aphids per sweep of 10 sweeps 
per field; all peas Alaska type, malathon 50 per 
cent emulsifiable liquid at 1.5 pints per acre. 














APHIDS APHIDS PER SWEEP 
FARM & PER SWEEP DatE oF ——————— 
INSECTICIDE BeroreE TREat- May 
JsED TREATMENT MENT May 138 21-22 
Swan 
Malathon 50 May 5 3.5 
Foreman 
Malathon 14 0.4 
Colber 
Malathon 14 0.0 
Pugh 
Malathon “A”?! 100 3 2.0 12.0 
Pugh 
Malathon “C”! 100 3 0.0 4.0 
Ewin 
Malathon 5 1.4 
Lyon 
DDT 2 400.0 
Pugh 
DDT 100 3 5.0 5.0 
Bloomfield 
None 60.0 
Stevens 
None 300.0 





1 Formulation not known. 


extensive as at Ridgely, the senior author 
visited some of the fields three times, 
once before and twice after treatment. 
Nature of treatments and aphid popula- 
tion records are given in table 3. From 
observations made by the authors, it 
appeared that airplane spraying with 
malathon under favorable conditions was 
highly effective against the pea aphid but 
that the effectiveness of such treatments 
was greatly reduced by wind at time of 
application, and to some extent by inac- 
cessibility of fields to plane flight. Large 
acreages can be quickly sprayed by plane 
but unfavorable weather for relatively 
long periods frequently delays treatments 
beyond the critical period when insecti- 
cides should be applied or greatly reduces 
the degree of control if treatments are 
made. It appears from the results of 
observations on plane and ground spray- 
ing that canners with large acreages 
should not depend on the airplane alone 
but should have ground equipment avail- 
able preferably a low volume sprayer, to 
use when prolonged periods of adverse 
flying weather occur. 

RESIDUE AND FLAvor TEsts.—Samples 
of vines with pods from plots receiving 
heaviest treatments and canned samples 
from all treatments were analyzed for 


6 In cooperation with the Aerial Spray Company of Maryland, 
Easton, Maryland. 
7 Trappe Frozen Food Corp., Trappe, Maryland. 
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Table 2.—Airplane malathon spray and DDT aerosol treatment at Ridgely, Maryland. Aphids per 
sweep in the first four fields based on the average of 4 samples of 5 sweeps; in the remainder of the 


fields on the average of a sample of 10 sweeps. 








APHIDS PER SWEEP 











WarTER a a 
Farm & Amt. PER A. DatE —May— 
INSECTICIDE PER A. GALs. APPLIED 3 4 5 13 21 
May 

Weaver 1 

Malathon “C” 1.5 pt. 3 3 $2.5 7.2 1.3 0.0 
Weaver 2 

Malathon “‘C” 2 pt. 3 3 87.5 5.2 1:2 0.0 
Bishop 

Malathon “A” 2 pt. 4 4 38.7 0.2 0.0 
Engermann 1 

Malathon “A” 1.5 pt. + 3 23.7 1.2 0.0 0.4 0.4 
Engermann 2 

DDT aerosol .6 lb. 3 25.0 0.4 0.3 0.2 5.0 
Engermann 3 

DDT aerosol .6 Ib. 7 0.6 





malathon.® Quality and flavor tests were 
made on canned samples of all treatments 
after 3- and 6-months storage by the tri- 
angular test method and after the 3- 
month period by the multiple taste test 
method (Kramer 1952). 

No evidence of malathon was found on 
any vines or canned samples. In the tri- 
angular taste test at the 3-month pe- 
riod no treated samples showed flavors 
significantly different from the check. 
In the 6-month triangular tests the 1 
pint per acre malathon treatment was 
significantly different from the check 
but since no difference was found between 
the heavier dosage and the check it is 
logical to assume that the significance 
may have resulted from chance or some 
factor other than insecticidal treatment. 
In the 3-month multiple taste test no 


Table 3.—Observations on airplane spray 
treatments with 50 per cent malathon emulsifi- 
able liquid for pea aphid control on Alaska peas 
in the vicinity of Trappe, Maryland. Aphid counts 
based on average of 10 sweeps per field. 








APHIDS PER SWEEP 
Pints GaL- ———— — 








INSEc- LONS May 
TICIDE WATER ———__—_ 
Farm PER A. PERA, DatE 3 13 21-22 
Chance 1.5 3 May 7 5.0 
Hirst 1 1 3 4 
1.5 3 7 35 0.0 2.0 
Hirst 2 1 3 4 
1.5 3 7 30 2.0 0.4 
Stevens 1.5 8 14 300.0 1.0 
Sheridan 1.5 3 16 275.01 
Brooks 1.5 3 14 25.0 0.6 
Brigella 1.5 3 7 3.8 
Bloomfield None 60.0 





1 Treatment applied in moderate wind followed by 0.31 inch 
rain, field retreated, 





treatment samples were significantly dif- 
ferent from the untreated check, all sam- 
ples including the check being rated 
“above average” quality. 


Table 4.—Results of residue and flavor tests. 








TriancutaR Test MuU_L- 


No. Correct TIPLE 

SELECTION Taste 

Pints Date ——— — Test 

PER TREATED 3 6 AND 
AcrE May Months Months Score! 

Malathon 0.5 16 9 8 +0.1 
Malathon 1 16 6 12 +1.1 
Malathon 1.5 16 4 6 +1.1 
Malathon 2 16 6 8 +1.7 
DDT 36% Emul. 1.33 16 5 10 +1.6 
Malathon 2 27 8 6 +1.8 
Malathon 2 16, 27 7 8 +0.8 
Untreated —1.0 
For significance at ll 11 1.0 
5% 





1A rating of —2 undesirable, 0 average, +2 excellent quality. 


SumMARY.—Commercial ground spray- 
ing with 1.5 pints of 50 per cent emulsi- 
fiable malathon in 25 gallons of water 
per acre applied with a boom sprayer de- 
signed for broadcast peas gave an excel- 
lent initial kill of aphids, and on such 
sprayed peas rebuilding of aphid popula- 
tion did not occur. When weather condi- 
tions were favorable, plane spraying with 
1.5 and 2 pints of 50 per cent emulsifiable 
malathon in 8 to 5 gallons of water gave 
results comparable to ground spraying. 
During unfavorable weather, particularly 
when wind was blowing, efficiency of 
plane treatments was reduced. 

No residue of malathon was chemically 

8 Vine samples were analyzed by Division of Insecticide In, 
vestigations, Bureau of Entomology and Plant Quarantine- 


U.s.D.A, Canned samples by Dr. P. R. Averell, Analytical Re- 
earch Laboratory, American Cyanamid Company. 
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detected on pea vines or on canned peas 
when a period of slightly more than 2 
weeks had been allowed between time of 
treatment and harvest. Quality and flavor 
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of canned peas were not impaired by the 
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Sterilization of Screw-Worm Flies with X-Rays 
and Gamma-Rays! 


R. C. Busuuanp and D. E. Hopkins, U. S. Dept. Agr., Agr. Res. Adm., Bureau of Entomology 
and Plant Quarantine 


The main objective of the research here- 
in reported was to develop procedures for 
sterilizing large numbers of screw-worm 
flies, Callitroga hominivorax (Coq.). Steril- 
ized flies were needed for field experiments 
to test the feasibility of controlling iso- 
lated natural populations of screw-worms 
through release of much larger numbers of 
sterilized insects. 

Preliminary tests (Bushland and Hop- 
kins, 1951) had shown that screw-worms 
could be sterilized by x-rays administered 
to pupae during their last 2 days of de- 
velopment. Males were sterilized with a 
dose of 2,500 r (roentgens), but females 
were more resistant and their steriliza- 
tion required 5,000 r. Laboratory studies 
had indicated that sterilized males com- 
peted about equally with normal males 
for mates. If a normal female mated first 
with a sterilized male, she did not mate 
subsequently with a normal male, and 
laid only infertile eggs. In laboratory cage 
tests with mixed populations of x-ray- 
sterilized and normal flies, the proportion 
of hatchable eggs was related to the rela- 
tive numbers of sterile and normal males. 

The x-ray procedure for sterilizing 
flies, although entirely feasible for labora- 
tory studies and small-scale field releases, 
would be quite expensive for mass pro- 
duction of the numbers of sterilized flies 





that might be required for large-scale re- 
leases. Large amounts of sterilizing radi- 
ations can be more cheaply obtained by 
using gamma-rays from a radio-cobalt 
source. 

This paper describes comparative tests 
at the Kerrville (Texas) laboratory of the 
Bureau of Entomology and Plant Quaran- 
tine on the effects of gamma-rays and x- 
rays on screw-worm flies. The investi- 
gations had three purposes: (1) To com- 
pare the effects of x-rays and gamma- 
rays, and determine their relative effici- 
ency in sterilizing flies; (2) to find at what 
age pupae were most easily sterilized; and 
(3) to find at what age of pupal develop- 
ment the insects best tolerated the ad- 
verse effects of sterilizing radiations. 

Genetic Errects or X-Rays AND 
GamMa-Rays.—Detailed investigations 
on the genetic effects of ionizing radia- 





1 Portion of a dissertation presented by the senior author as 
artial fulfillment of the requirements for the de of Doctor of 
hilosophy in Entomology at Kansas State College. 

This research was accomplished through the generous coopera- 

tion acknowledged hevowith: 

Alexander Hollaender, Biology Division, Oak Ridge National 
Laboratory, Oak Ridge, Tenn., loaned the cobalt-60 source, and 
C. W. Sheppard of that organization instructed the authors in its 
use. Mary Esther Gaulden, of the Biology Division, reviewed 
the manuscript. 

Col. Dwight M. Kuhns, M.C., U. S. Army, smanane for the 
x-ray treatments made by Col. John Isherwood, M.C., and the 
staff of the X-Ray Therapy Section, Brooke Army Hospital, 
Fort Sam Houston, Tex. . 

E. F. Knipling, Bureau of Entomology and Plant Quarantine, 
suggested the fly-sterilization project and advised and encour- 
aged the authors, 
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tions began with the discovery by Muller 
(1927) that mutations could be induced 
in Drosophila melanogaster Meig. by x-ray 
treatments. Muller’s discovery was en- 
thusiastically accepted by geneticists, 
who found x-rays to be a useful tool for 
increasing the mutation rate not only in 
insects but in various organisms ranging 
from viruses to higher plants and labora- 
tory mice. 

There are numerous publications in the 
fields of genetics and cytology dealing 
with the effects of radiations. The vari- 
ous papers have been reviewed and inter- 
preted in comprehensive publications by 
Muller (1940 and 1941), Lea (1947), and 
Catcheside (1948). Muller (1940) con- 
cluded that— 


A given number of ionizations produced in 
Drosophila spermatozoa by irradiation result in the 
same number of gross structural changes regardless 
of (a) wave-length, from 50 kV x-rays to gamma- 
rays; (b) continuous dose or fractionation over a 
3-week period; (c) fertilization immediately or 1 
month after treatment; (d) radiation intensity, 
from 0.05 to 250 r./min., (e) temperature, from 5 
to 37° C. Hence in spermatozoa undergoing irradia- 
tion, “primary effects” of individual ionizations ac- 
cumulate independently until fertilization, and 
their final total number determines the number of 
structural changes produced 


The literature on the effects of x-rays and 
gamma-rays on other organisms seems to 
be in general agreement with Muller’s 
conclusions on Drosophila. 

When x-rays or gamma-rays penetrate 
matter, they dissipate their energy by 
ejecting electrons from the atoms through 
which they pass. Even less energy is 
required to break the chemical bonds that 
join the atoms in molecules. It is believed 
that the effects of ionizing radiations on 
protoplasm are to induce physical and 
chemical changes in the molecules. These 
changes may so alter the complex organic 
molecules of genes and chromosomes as to 
cause aberrations in their structure and 
composition and thereby affect their func- 
tion. If the changes are too extreme, the 
cell degenerates. A change in genetic 
constitution of a sperm may not prevent 
fertilization of an egg, but the zygote 
may be incapable of developing to ma- 
turity, and usually dies in the embryonic 
stage. Geneticists call such a phenomenon 
a dominant lethal effect. It is believed 
that the sterility of irradiated screw- 
worm flies is an expression of this domi- 
nant lethal effect. 

Although Drosophila melanogaster has 


Busuuanp & Hopkins: 








STERILIZATION OF FLIES 649 


been most extensively studied, pronounced 
chromosomal changes resulting from x-ray 
treatment of other insects have been noted 
by various authors. White (1935 and 
1937), treating four species of grasshop- 
pers with x-rays, noted chromosomal 
changes in the spermatogonia at the first 
meiotic division after irradiation. Carlson 
(1941) x-rayed another species of grass- 
hopper and found that the treatment 
caused chromosomal changes and a delay 
in spermatogenesis. 

Whiting (1938), working with Bracon 
hebetor Say (= Habrobracon juglandis), 
found that a dose of 7,500 r of x-rays al- 
most totally sterilized the males, and 
that about half the eggs fertilized by sper- 
matozoa treated with 2,500 r were inca- 
pable of normal development. 

Reynolds (1941) found that odcytes 
of the fungus gnat, Bradysia ocellaris 
(O.S.) (=Setara ocellaris O. S.), varied 
in their susceptibility to x-irradiation, 
depending upon their stage of develop- 
ment, and that the metaphase of meiosis, 
which occurred during the second day of 
adult life, was the most sensitive stage. 
Crouse (1950), using Bradysia coprophila 
(Lint.) (=Sctara coprophila Lintner), 
reported that when adult flies were ex- 
posed to x-rays at their most susceptible 
age (46 to 72 hours), about the same 
number of chromosomal breaks were in- 
duced by 2,000 r in odcytes as by 4,000 
r in spermatozoa. 

Koller & Ahmed (1942) made cytologi- 
cal studies on the salivary gland chromo- 
somes of larvae obtained from mating 
males of Drosophila pseudoobscura Fro- 
lowa, treated with 4,500 r of x-rays, to 
untreated females. They noted structural 
changes in 40 per cent of the chromo- 
somes. Their results also suggested that 
spermatozoa of D. pseudoobscura and 
melanogaster were equally affected by 
similar doses of x-rays. 

Demerec & Kaufmann (1941) treated 
males of D. melanogaster with 3,000 r 
of x-rays, and then observed the fertility 
of eggs laid by normal females mated to 
the males at various intervals after their 
irradiation. Eggs obtained from matings 
made at intervals of 1, 6, 7, and 12 days 
after irradiation were of similar viability, 
but the percentage of dominant lethals 
dropped after 19 days. It was concluded 
that immature spermatozoa were more 
resistant than mature spermatozoa. 
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Luce et al. (1948) held eggs and larvae 
of D. melanogaster at 28° C. and x-rayed 
them at different ages, ranging from 5 to 
86 hours after oviposition. The insects 
were then reared to the adult stage, and 
counts were made on the number of eye 
facets. If the treatments were applied 
during an effective period of 48 to 72 
hours of egg-larval life, the number of 
eye facets was reduced. Near the time of 
the beginning of the x-ray-effective peri- 
od, the frontal sacs of the larvae were 
separating into optic and antennal lobes. 
After separation the areas grew rapidly. 
The data suggested that the x-rays re- 
duced eye facets only after the optic area 
was determined and during the period 
of rapid growth. 

Test Insects.—The insects used in 
this study were screw-worm flies from 
the Kerrville laboratory colony. The 
Kerrville strain started with a stock of 
flies reared in the Bureau’s Texas field 
laboratories since 1936. There have 
been frequent infusions of wild genes 
through collection of egg masses from 
wounded animals exposed to natural 
infestation. 

Eggs were obtained by confining gravid 
females in shell vials containing small 
pieces of fresh lean beef, and holding 
them for approximately 2 hours at a 
temperature of 90° to 100° F. The flies 
oviposited on or adjacent to the meat, 
depositing their eggs in masses averaging 
about 200 eggs. The eggs were trans- 
ferred to moist filter paper and held in a 
petri dish at room temperature, where 
they hatched within 24 hours. 

Larvae were reared on a nutritional 
medium, according to the procedure de- 
scribed by Melvin & Bushiand (1941). 
The larvae completed their growth after 
feeding for 6 days, and crawled from 
the rearing medium into damp sand, where 
they pupated within 24 hours. 

The newly formed pupae were sifted 
from the sand, washed and dried, and 
transferred to screen-wire containers, 
which were held at a temperature of 80° F. 
and relative humidity of 95 to 100 per 
cent. The adults emerged in about 7.5 
days. 

As the flies began to emerge, the con- 
tainers of pupae were opened and placed 
in standard laboratory fly cages, where 
the insects were allowed to complete 
emergence. The adults were held at room 
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temperature and a variable humidity, and 
were provided with food and water. 

During the second to fourth day of adult 
life, the insects mated, and most of the 
females were ready to oviposit at the age 
of 6 days. 

RapiATion EquipMent.— X-ray Equip- 
ment.—Pupae were x-rayed by the X-Ray 
Therapy Section of Brooke Army Hospi- 
tal, Fort Sam Houston, Tex. Lt. Col. 
W. E. Barry, M.C., has described the x- 
ray treatment as follows: “The equip- 
ment used was a deep therapy unit. The 
factors used were 200 kilovolts, 20 milli- 
amperes, one-fourth copper inherent fil- 
tration, no added filter, half-value layer 
of 0.9 mm. copper, 20X20 cm. field, 50 
cm. distance, delivering 112 r (roentgens) 
per minute in air. The total doses were 
given as a single exposure.” 

The insects were exposed in a shallow 
wooden tray 19 cm. square and 3 cm. 
deep. The 50-cm. distance was measured 
to the middle of the exposure tray. 
Therefore, the top layer of pupae received 
a slightly greater dose than those exposed 
at the bottom of the tray. The estimated 
average treatment was an air dose of 5,000 
r. The total dose may have been somewhat 
greater, owing to back scatter and second- 
ary irradiation. 

Gamma-Ray Equipment.—Gamma-ray 
treatments were applied at Kerrville with 
a cobalt-60 source loaned by the Biology 
Division of the Oak Ridge National 
Laboratory. This assembly consists of 
48 cobalt slugs arranged in a cylindrical 
brass capsule to form a lattice 2.25 inches 
in diameter and 8 inches long. This cap- 
sule is surrounded by 4 inches of lead 
shielding. At the top of the capsule is a 
port closed by a lead-filled steel plug, 
which is lifted by remote control with a 
rope and pulley. When the source is in 
use, the lead-filled plug is replaced by a 
threaded steel plug on which is screwed 
a cylindrical aluminum chamber, 2 by 8 
inches. Material to be irradiated is placed 
in the chamber, which is then screwed 
onto the steel plug and lowered into the 
cobalt lattice. 

The activity of the source when meas- 
ured at Oak Ridge in February 1952 was 
approximately 11 curies. C. W. Sheppard, 
of the Biology Division, supplied a graph 
showing the intensity of the radiation and 
its variation within the radiation chamber. 
Using that information and a decay curve 














Th a- 


—~—— «an 

















August 1953 


for cobalt-60 (half-life 5.3 years) it was 
possible to treat insects with satisfactory 
accuracy. Pupae near the wall of the 
chamber received a greater dose than 
those in the center axis; there was also 
some variation along the axis. During the 
work at Kerrville pupae were treated 
with gamma-rays at a rate of 70+7r per 
minute. This 10 per cent variation in 
dosage occurred within each treatment 
group, depending upon the position of 
each pupa. Thus, when a culture is said 
to have been treated with 5,000 r, indi- 
vidual insects within that culture received 
doses varying from 4,500 to 5,500 r. 

EFFECTS OF THE IRRADIATIONS ON FLY 
EMERGENCE AND LonGevity.—The first 
tests were to compare the effects of x- 
rays and gamma-rays on adult emergence 
and fly longevity. Since there was con- 
siderable knowledge from earlier work on 
the effects of a 5,000-r dose of x-rays ap- 
plied to 6-day-old pupae, pupae of that 
age were given this dose for comparison. 

For each of three experiments a large 
culture of 6-day-old pupae was divided 
into groups of approximately 1,000, and 
all insects were treated within a few hours 
of each other. Treatments were made at 
room temperature and humidity; then 
the insects were returned to a tempera- 
ture of 80° F. and a relative humidity 
of 95 to 100 per cent to await emergence. 
When the flies began to emerge, each 
treated group of pupae was placed in a 
separate emergence cage at room tempera- 
ture and humidity. 

When emergence was completed, the 
puparia were examined individually to 
determine the percentage of fly emergence. 
The experiment was performed three 
times at 7-day intervals, comparing flies 
treated with x-rays and gamma-rays with 
control flies, which were handled similarly 
but not exposed to irradiation. The data 
are assembled in table 1. 

Table 1 shows the same sex ratio among 
emerging flies for x-ray and gamma-ray 
treatments as for the untreated controls. 
Since the per cent emergence of treated 
flies did not differ significantly from that 
of the untreated flies, the radiations ap- 
peared to have no effect on pupal mor- 
tality. 

With the cultures irradiated on March 
10 and 17, observations were made on 
the length of life of the variously treated 
flies. When the newly emerged insects 
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Table 1.—Percentage of flies emerging and 
percentage of males ms those adults when 6- 
day-old pupae were treated with 5,000 r of x-rays 
or gamma-rays computed from groups containing 
from 574 to 1,158. 

















TREATED WITH TREATED WITH No 

TREAtT- X-Rays Gamma-Rays TREATMENT 

MENT —— ——————— —— —- 
Date Emer- Emer- Emer- 

(1952) gence Males’ gence Males’ gence Males 

March 10 50 46 50 47 49 44 

17 71 48 66 53 66 48 

24 69 47 80 48 81 47 

Average 63 47 65 49 65 46 





were less than 24 hours old, they were 
anesthetized with carbon dioxide, sepa- 
rated according to sex, and then trans- 
ferred to standard laboratory breeding 
cages, 100 males and 100 females being 
placed in each cage. The culture of March 
10 was used to stock duplicate cages for 
each treatment, whereas the effects of the 
treatments of March 17 were observed in 
triplicate cages. After 12 days, when ap- 
proximately half of the insects had died, 
the test was terminated. The mortality 
records are assembled in table 2. 


Table 2.—Per cent mortality of flies, held in 
the laboratory for 12 days, that emerged from 
pupae treated when 6 days old with 5,000 r of 
x-rays or gamma-rays. 

















TREATED WITH TREATED WITH No 

X-Rays Gamma-Rays TREATMENT 
Treat- ———— —_—_—_-— — —_-— 

MENT Fe- Fe- e- 
DaTE Males males Males males Males males 

March 10 73 49 83 41 82 82 

49 49 40 53 72 42 60 

17 43 72 42 68 35 37 

47 48 39 47 35 35 

4 65 45 54 29 48 

Average 53 55 52 56 35 52 





The results indicated that gamma- 
rays were no more harmful than x-rays 
so far as adult longevity was concerned. 
There was no apparent difference in mor- 
tality of irradiated and untreated female 
flies, but fewer males died in the control 
group. That observation was in line with 
earlier observations on x-ray treatments. 

Since those comparisons of x-rays and 
gamma-rays indicated no difference be- 
tween the two kinds of irradiation, and 
they agreed with published reports on 
the similarity of irradiation effects on 
other organisms, no further work was done 
with x-rays. Efforts were then concen- 
trated on the remaining objectives of the 
program. 
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Errects oF GAMMA-IRRADIATION ON 
Loncevity, Frertimity, AND FEcuNpDITY 
or ApuLts.—Beginning on March 10, 
a series of seven cultures of screw-worm 
pupae were treated with 5,000 r of gam- 
ma-rays at weekly intervals. Newly 
emerged flies were anesthetized with car- 
bon dioxide and separated according to 
sex. For each culture one laboratory 
breeding cage was stocked with 100 irradi- 
ated males and 100 normal females; a 
second cage was stocked with 100 normal 
males and 100 irradiated females; and a 
third cage was stocked with 100 normal 
males and 100 normal females. When 
the flies were 10 to 13 days old, the females 
were forced to oviposit by confining them 
in shell vials containing pieces of fresh 
lean beef. The egg masses were counted, 
placed on moist filter paper, and held in 
covered petri dishes for hatching obser- 
vations. At the time of egging the flies, 
the numbers of surviving males and fe- 
males were recorded. The data are as- 
sembled in table 3. 

The cages holding sterilized males plus 
normal females and normal males plus 
irradiated females were placed side by 
side in the laboratory and were subjected 
to similar conditions. The fly room was 
heated so that the temperature did not 


Table 3.—Longevity, fecundity, and fertility of 
flies treated with 5,000 r of gamma-rays that were 
caged with normal flies of the opposite sex. 

















NUMBER OF Per 
TReEatT- Martino! Surviving— Num- CENTOF 
MENT —————_ ———————— BER OF Egos 
Date Fe- Fe- Eaa THAT 
(1952) Males males Males males Masses? Hatcuep 

March 10 R N 17 18 11 0 
N R 68 28 0 _ 

N N ? 40 20 80 

17 R N 58 63 $1 0 

N R 65 32 ls 0 

N N 71 52 45 100 

24 R N 65 90 70 0 

N R 73 89 3s 0 

N N 59 47 45 100 

$1 R N 54 74 55 0 

N R 75 50 ls 0 

N N 67 78 54 100 

April 7 R N 34 40 28 0 
N R 36 33 0 _ 

N N 34 44 $1 100 

14 R N 50 58 $1 0 

N R 58 49 6s 0 

N N 61 64 21 100 

22 R N 27 22 16 0 

N R 40 40 3s 3 

N N 37 45 38 100 





1 R =100 flies from pupae irradiated on the sixth day; N =100 
flies from pupae not irradiated. ’ 

2 “s” indicates that the egg masses consisted of less than half 
the usual 200+ eggs. 

* 2 larvae hatched out. 
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go below 80° F., but on warm days tem- 
peratures as high as 95° were recorded. 
Because of the variation in temperature 
from week to week, and the fact that 
individual cultures of screw-worms vary 
in vigor, the data obtained on one cul- 
ture cannot be compared directly with 
those on another. However, the data on 
flies from the same cultures are compara- 
ble. 

Of the sterilized males confined with 
normal females during the preoviposition 
period, 43.6 per cent survived. In the 
companion cages of normal males plus 
irradiated females, 59.3 per cent of the 
males survived. Table 3 shows that in all 
seven cultures more normal than steril- 
ized males survived, but that the differ- 
ence was much greater in some cultures 
than in others. The mean difference in 
survival between normal and sterilized 
males was 15.7 +7.0 per cent. When tested 
for significance, the ¢ value was 2.43, 
whereas the value required for signifi- 
cance at the 5-per cent level was 2.447. 
However, there seems to be little doubt 
that sterilization reduced male longevity. 

In the records on surviving females it 
will be noted that the data are more 
erratic than those for males. Of the nor- 
mal females, 52.1 per cent were alive at 
time of oviposition, whereas 37.4 per cent 
of the irradiated females were still living. 
The mean difference of 14.7+10.0 per 
cent was not significant. 

The records on egg-mass production 
show that irradiation greatly reduced the 
fecundity of the flies. The irradiated 
females either laid no eggs or produced 
small egg masses containing less than half 
the usual number of eggs. Approximately 
one-tenth of the eggs in those undersized 
masses developed partly. The embryos 
grew until spined larvae were visible with- 
in the egg shell, but in all except one cul- 
ture the larvae died within the shell. In 
that culture two larvae hatched success- 
fully. For practical purposes the females 
— be considered completely steril- 
ized. 

Normal females caged with sterilized 
males produced as many eggs as normal 
females mated to normal males. None of 
the eggs laid by normal females mated to 
irradiated males hatched, although a few 
developed spined larvae which died within 
the shell. 

The incomplete embryonic develop- 
ment noted above is in agreement with 
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the genetics literature on dominant lethal 
effects reviewed earlier. 

Errect oF TREATING FLIES WITH 
5,000 ro 20,000 r.—Although the data 
in table 3 strongly indicate that gamma- 
ray sterilization affected the longevity 
of flies, the failure to obtain statistically 
significant data suggested another experi- 
ment. A large culture of pupae was di- 
vided into five groups of 500 pupae each. 
One group was left untreated to serve as 
controls, and the other four groups were 
treated with doses of 5,000, 10,000, 
15,000, and 20,000 r of gamma-rays when 
the pupae were 6 days old. The insects 
emerged normally after 7.5 days at 80° F. 
and there seemed to be no difference in 
emergence between the untreated insects 
and those variously irradiated. The newly 
emerged insects were anesthetized and 
separated according to sex. Duplicate 
cages were stocked with 100 males and 
100 females from each of the five sublots. 
The mortality records were taken after 
7 days and again after 13 days. The data 
are assembled in table 4. 


Table 4.—Longevity of screw-worm flies irra- 
diated with gamma-rays on 6-day-old pupae. 








Per Cent Mortauity ArreEr— 











7 Days 13 Days 
r-DosE Males Females Males Females 
None 24 24 T? 84 

24 14 75 58 
5,000 40 50 68 79 
41 47 99 67 
10,000 51 44 83 67 
36 40 78 72 
15,000 41 41 62 7 
36 46 79 7 
20,000 35 38 77 75 
41 43 84 69 





Considering the 7-day mortality read- 
ings it will be noted that fewer insects died 
in the untreated group than in those 
groups treated with gamma-rays. There 
appeared to be no difference in mortality 
over the range of 5,000 to 20,000 r. 
After 13 days as many insects had died 
in the untreated group as in the irradi- 
ated groups. 

It seems strange that if 5,000 r caused 
some mortality, quadrupling this dose did 
not cause a higher death rate. Perhaps 
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those insects receiving the greater doses 
were more adversely affected but were 
less active and thus lived as many days. 

STUDIES WITH PupaE 3 To 7 Days OLp. 
—All work so far discussed has dealt with 
flies irradiated as 6-day-old pupae. Earlier 
work with x-rays had indicated that ir- 
radiating pupae 2 days old or younger did 
not produce the desired effects, as any 
flies that survived the treatment were 
fertile. However, no data had been ob- 
tained on pupae of intermediate ages. 
Therefore, tests were made with pupae 
from 3 to 7 days old in an effort to find 
an age at which they could be sterilized 
with a minimum dose, and at the same 
time be least harmed in so far as the treat- 
ment affected adult longevity. 

The doses selected for study were 2,500, 
3,000, 3,500, and 4,000 r. Since so many 
insects were involved, each dose was 
tested against a separate culture of flies. 
To produce a test culture approximately 
20,000 eggs were obtained from the labora- 
tory fly colony. The larvae were reared 
on the standard nutritional medium. 
When the greatest portion of the larvae 
were transforming into pupae, those 
pupating within a 12-hour period were 
selected for the tests. This group was 
divided into six sublots of 1,000 pupae 
each. 

The insects were held at a temperature 
of 80+2° F. and a relative humidity of 
approximately 95 per cent. One group was 
left untreated to serve as controls, and 
the others were treated with gamma-rays 
when 3, 4, 5, 6, or 7 days old. The age of 
the insects at the time of irradiation was 
within 6 hours of the full number of days 
indicated. When the flies emerged, they 
were separated according to sex and held 
in duplicate cages, each containing 100 
males and 100 females. Irradiated males 
were confined with normal females and 
normal males with irradiated females. 
To establish the fertility of the normal 
insects, two control cages were also set 
up with 100 normal males plus 100 nor- 
mal females. The flies were observed daily, 
and in 10 to 13 days, when approximately 
one-half of the insects were dead, the test 
was terminated by counting the survivors 
and egging the females. 

In table 5 are assembled the data on 
fly emergence and adult longevity. A 
dose of 3,000 r apparently had no effect 
on the mortality of the pupae regardless 
of their age. With a dose of 3,500 r, fewest 
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flies emerged when the treatment was ap- 
plied to 3-day-old pupae, and the mor- 
tality decreased with increasing age at 
time of treatment. The effects of the 4,000- 
r dose were more obvious. The general 
trend of the data indicated that pupae 
5 days or more old emerged normally, 
whereas those less than 5 days old suffered 
some mortality attributable to irradia- 
tion. 


Table 5.—Effect of different doses of gamma 
radiation on fly emergence and adult longevity 
when pupae were treated at different ages. 








Per Cent Mortat- 
ITY OF ADULTS 
IN DUPLICATE 
CAGES 


PER 
AGE OF CENT 
PUPAE Mor- 
WHEN TALITY 
TREATED OF Faas 
r-Dose (Days) PupaE Males 
2,500 8 <= 48, 53 
4 32, 58 


Females 
72, 81 
33, 50 


5 -- 39, 45 52, 55 
6 27, 40 33, 38 
7 : $3, $$ 38, 42 
Control -- 22, 30 83, 83 


— 
~ 


3,000 3 69, 72 83, 90 
4 46, 66 80, 84 
5 35, 46 88, 94 
6 60, 66 66, 85 
53, 65 68, 74 
73, 74 68, 82 


— jd 
CO OO 


- 


a) 


oO 


‘ 
Control 


— 


3,500 62, 88, 88 
50, 56, 63 
39, 40, 59 
43, £ 44, 60 
50, 52, 57 
29,35 15, 20 


“TD Ore 
m= 1 © 10 200 
Dm tO) 


| 


Control 


3 96, 94, 95 
4 § 81, 91, 91 
5 f 84, 67, 69 
6 { 68, 54, 58 
7 55, 6 47, 68 
Control 47, 5 20, 37 





The data on adult longevity suggested 
that doses of 2,500 and 3,000 r were 
tolerated when the pupae were treated 
at any time from the third to the seventh 
day. The doses of 3,500 and 4,000 r ap- 
peared to be especially harmful when ap- 
plied to 3-day-old pupae. As usual the 
data were somewhat erratic. In many 
cases there was more difference within 
duplicates than between treatments, but 
generally the irradiation given older 
pupae had less effect on adult longevity. 
The insects tolerated the higher doses 
best when treated on the sixth or seventh 
day of the pupal period. 
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The records relating to the fecundity 
and fertility of the flies treated as pupae 
at various ages are assembled in table 6. 

The dose of 2,500 r destroyed the re- 
productive capacity of males almost com- 
pletely. The insects were not totally 
sterilized, because a small proportion of 
the eggs from normal females mated to 
the treated males developed spined lar- 
vae. However, most of these larvae died 
without hatching. There was no hatch 
in 50 egg masses laid by normal females 
mated to males treated with 2,500 r in the 
fifth day of pupal life. A very small per- 
centage of the eggs laid by flies mated to 
males treated on the third, fourth, sixth, 
and seventh days hatched. 

The dose of 2,500 r applied to 3-day-old 
pupae caused the females to lay fewer and 


Table 6.—Effect of different doses of gamma 
radiation on fecundity and fertility of flies when 
pupae were treated at different ages. 








Num- 
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s” indicates the egg masses were less than half normal size; 
“vs” that they contained less than one-fourth the normal 
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smaller egg masses, which were only 50 
per cent fertile. That dose did not appear 
to affect females when given to pupae in 
later days of development. 

Treatment with 3,000, 3,500, and 4,000 
r affected the fertility of both males and 
females at all the ages treated. Males in 
the fourth and fifth day of the pupal 
stage were most susceptible to the gamma- 
rays. In all cases the lowest percentage of 
hatch occurred when the male parent 
was treated on those days. Irradiation on 
the third day had the greatest effect on 
fertility and fecundity of the females, 
but as few of the irradiated insects sur- 
vived to oviposit, not many egg masses 
were produced. Females treated with a 
dose of 4,000 r on the fourth and fifth 
days did not produce sufficient eggs to 
deposit normal masses. Instead, the eggs 
were scattered as though each fly had 
laid only a few. The females irradiated 
on the sixth and seventh days laid their 
eggs in definite masses of 25 to 50 eggs. 

The results from this series of treat- 
ments suggested (1) that there was no 
gamma dose below 5,000 r that was ade- 
quate to produce properly sterilized flies 
for release in field experiments, and (2) 
that pupae should be sterilized when 5 
or 6 days old. 

EXPERIMENTS WITH Mrxep Popu.a- 
TIONS OF STERILIZED AND NORMAL Figs. 
—Before the cobalt-60 source was bor- 
rowed from the Oak Ridge National 
Laboratory, one test was made in coopera- 
tion with the Biology Division to ascer- 
tain whether gamma-sterilized males 
could compete for mates with normal 
males. 

Screw-worm pupae were taken to Oak 
Ridge, where C. W. Sheppard, of the 
Biology Division, treated them with 
gamma-rays. As this was the first gamma 
treatment, a dose of 10,000 r was used in 
order to be fairly sure of sterilizing the 
flies. The insects were brought back to 
Kerrville, where they emerged in the 
laboratory. Eight fly cages were stocked 
with normal newly emerged insects, each 
cage with 10 males and 10 females, plus 
additional numbers of sterilized flies. 
When the insects were 8 days old, the 
females were forced to oviposit by the 
usual procedure. The results of the ex- 
periment are summarized in table 7. 

Normal females mated to the irradiated 
males laid eggs that failed to hatch, but 
flies from the stock cage containing nor- 
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Table 7.—Observations on egg masses laid 
ne Berane females caged with sterile and normal 
males. 








AVERAGE 
CAGE PoPpuULATION NUMBER OF Per 
10 N Mates+10N Fe- Eco Masses CENT 
MALES+STERILIZED FrEr- 





Fires As INDICATED Laid Hatched tinity 





100 Males 7 3 36 
7 Q 

100 Males+100 females 8 1 14 
6 1 

50 Males 9 4 33 
9 2 

50 Males+50 females 7 4 36 
7 1 





mal males and females produced eggs that 
hatched 100 per cent. 

In the mixed-population cages the ex- 
pected egg fertility was about 10 per cent 
where the sterilized males outnumbered 
normal males by 10 to 1 and approxi- 
mately 20 per cent where the ratio was 
5 to 1. The actual fertility greatly ex- 
ceeded that expected on a hypothesis of 
equal mating activity of sterileand normal 
males. However, considering the small 
numbers of eggs on which the percent- 
ages were based and the high dose of 
gamma irradiation, the results were en- 
couraging. 

After the gamma source was established 
at Kerrville, one test was made with flies 
sterilized with a 5,000 r dose. Three 
cages were stocked with newly emerged 
flies. Each cage contained 100 sterilized 
males and 100 sterilized females with 20 
normal males and 20 normal females. 
When insects were 10 days old, the fe- 
males were forced to oviposit. The nor- 
mal females from the first cage produced 
five egg masses, those from the second 
ten, and those from the third nine. One 
egg mass in each group hatched. Thus, 
of a total of 24 egg masses, only three, 
or one-eighth, were fertile. Since one- 
sixth of the male population consisted of 
fertile insects, it is concluded that, under 
cage conditions, males sterilized with 
5,000 r of gamma-rays competed equally 
with the untreated males. 

SumMARY.—Experiments were made at 
Kerrville, Tex., to determine the effects 
on adult screw-worm flies, Callitroga 
hominivorax (Coq.), of treating pupae 
from the laboratory colony with gamma- 
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rays and x-rays. The test insects were 
irradiated with gamma-rays using a co- 
balt-60 source supplied by the Oak 
Ridge National Laboratory. Doses were 
applied with an accuracy of +10 per cent. 
X-ray treatments were applied at Brooke 
Army Hospital, Fort Sam Houston, Tex., 
using a deep-therapy machine. Screw- 
worms were reared on the standard nu- 
tritional medium and were irradiated in 
the pupal stage. It was found that flies 
reared from 6-day-old pupae treated with 
5,000 r were sterile. 

Comparisons of three cultures of 6- 
day-old pupae treated with 5,000 r of 
X-rays or gamma-rays showed that both 
radiations produced _ similar _ effects. 
Neither treatment appeared to cause 
pupal mortality, but adult males from 
irradiated pupae did not live as long as 
normal males. 

Using seven cultures of screw-worm 
flies, comparisons were made of normal 
insects with flies from pupae treated with 
5,000 r on the sixth day. After 10 to 13 
days 56.4 per cent of the normal males 
were dead. The mean difference, 15.7 + 7.0 
per cent, approached significance at the 
5-per cent level. Sterilization apparently 
reduced the longevity of the males. 
During the same period 62.6 per cent of 
the treated females but only 47.9 per cent 
of the untreated females died. There was 
even greater difference between cultures 
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than in the case of the males, and the 
mean difference, 14.7+10.0 per cent, was 
not significant. Most of the female flies 
irradiated as 6-day-old pupae with 5,000 
r of gamma-rays did not oviposit, and the 
few that did deposit eggs laid masses 
less than half as large as those produced 
by normal flies. 

With doses of 2,500, 3,000, 3,500, and 
4,000 r, pupae were treated after 3, 4, 
5, 6, and 7 days +6 hours of development. 
The highest dose reduced fly emergence of 
3- and 4-day-old pupae, but those 5 days 
or more old emerged as well as the un- 
treated controls. Adult flies, both males 
and females, from pupae treated on the 
third and fourth days did not live as long as 
those treated on the sixth and seventh days. 

Observations on the hatching of eggs 
obtained from normal females mated to 
irradiated males showed that male pupae 
treated on the sixth and seventh day were 
not as easily sterilized as were younger 
pupae. Females showed a similar response 
in so far as fertility was concerned. 

It was indicated that no dose of less 
than 5,000 r could be depended upon to 
produce total sterility, and that it was 
best to sterilize pupae after they had 
completed 5 days of development. 

When normal and _ sterilized screw- 
worm flies were caged together, the gam- 
ma-irradiated males competed for mates 
about equally with the normal males. 
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Some Effects of Storage at Different Temperatures on the 
Lipids of the American Roach and on the Resistance 
of This Insect to Heat! 
Sam C. Munson, Department of Biology, The George Washington University, Washington, D. C. 


For a long time evidence has existed 
that the chemical structure of the lipids 
of an organism, either plant or animal, 
is influenced by the temperature at which 
their biosynthesis occurs; the generaliza- 
tion is that lipids which are produced or 
deposited at higher temperatures are more 
saturated than those at lower tempera- 
tures, all other conditions being equal. 
Also, organisms of warmer climates are 
commonly regarded as being more able to 
withstand high temperatures than are 
those of cooler zones. A type of heat co- 
agulation (not to be confused with pro- 
tein coagulation) apparently may be asso- 
ciated with some change in the fatty 
materials of cells exposed to unfavorably 
high temperatures (Heilbrunn 1924). 
These observations are essentially the 
basis for the ‘lipoid liberation’ theory of 
thermal injury at high temperatures 
(Bélchradek 1931; Fraenkel & Hopf 1940, 
and Heilbrunn 1947). 

This investigation was undertaken to 
determine the alterations which might 
occur in the saturation of the lipids of the 
American roach, Periplaneta americana L., 
held at different temperatures by deter- 
mining the iodine numbers (the number of 
grams of iodine taken up by 100 grams of 
lipid) of extracted lipids; and to determine 
whether or not roaches with different io- 
dine numbers would vary in their re- 
sistance to death induced by abnormally 
high temperatures . 

In this paper lipid is used in its broader 
meaning to include not only true fats and 
waxes, but, also, chemically related sub- 
stances, the phospholipids, and other sub- 
stances related by their physical proper- 
ties such as common solubility, and their 
biological relationship. 

As the role of the fat body and the 
physiological functions of the lipids in 
insects are discussed in textbooks of com- 
parative animal and insect physiology, 
and as a recent survey of the literature on 
insect lipids by Scoggin & Tauber (1950) 
covers the general aspects of the subject 
up to 1950, only a brief review of the fac- 
tors which may cause variation in the 


lipids of insects need be considered here. 
These factors will be briefly compared 
with certain aspects of the general litera- 
ture of lipids in other animals. 

Timon-David (1930) determined iodine 
numbers for a large number of insects 
representing all major orders and found 
them to range from 1.5 for an aphid, 
Pemphigus to 164.5 for a moth, Saturnia 
pyri Sch. Orthoptera varied from 68.8 for 
the oriental roach, Periplaneta (Blatta) 
orientalis L., to 122.6 for a locustid grass- 
hopper, Oxrya japonica Will. The quanti- 
ties of fat expressed as percentages of wet 
weight varied from 2.4 to 7.0 for seven 
Orthopterans. Iodine values for the 
German roach, Blattella germanica L., 
under experimental conditions were found 
to range from 51 to 64 by Melampy & 
Maynard (1937); and the lipid content 
expressed as percentage of wet weight was 
5.72 for nymphs, 4.78 for female adults 
with egg capsules, and 1.70 for male 
adults. For the same species McCay 
(1938) found fat to be 15.6 to 17.1 per 
cent of dry weight (ca. 5.24-6.1 per cent of 
wet weight) with a water content of 
64.3-66.3 per cent of body weight. Iodine 
numbers ranged from 55 to 57. According 
to the unpublished work of Schweet 
quoted by Scoggin & Tauber (1950) the 
American female adult roach has a lipid 
content of 28.63 per cent of dry weight 
(ca. 9.54 of wet weight) and the males 
25.55 (ca. 7.12). All the above figures ex- 
ceed the 4.3 per cent of wet weight re- 
ported by Timon-David for the lipid con- 
tent of the oriental roach. 

Stadium, caste, sex, and phase may 
have an influence on the lipids of an insect. 
Hibernation due to the intervention of 
diapause generally does not have a pro- 
nounced effect. Starvation, migration, 
systematic position, diet and temperature 
of the ambient medium may all play a 
role in determining the kind and quantity 
of lipids to be found in an insect. The last 
two factors are of great importance. Per- 


1 This paper is an abridgement of the first half of a thesis sub- 
mitted in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy at the University of Maryland. 
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haps as a generalization one may say that 
the lipids of an organism are determined 
by the interaction of (1) the genetic char- 
acteristics of the species, (2) the nature of 
the ingested lipids, and (3) temperature. 

It is essential that certain aspects of 
diet as related to the present subject be 
taken into account. The nutritional avail- 
ability of ingested fats must be con- 
sidered. The melting point of these fats 
must be such that they are liquid or nearly 
so at the temperature of the animals body. 
Food fats of different origin seem to be 
about equally available if they have suf- 
ficiently low melting points; but the melt- 
ing point may not be the only factor in 
the digestion of fats—the nature and con- 
dition of the fatty acids may be of con- 
siderable importance. Also to be kept in 
mind is the interconversion of proteins via 
carbohydrates to fats and fats to carbo- 
hydrates in an animal (Bloor 1943, pp. 
59, 61-62, 237-239). 

In insects there is, also, considerable 
evidence that the synthesis of fats from 
carbohydrates and proteins occurs (Scog- 
gin & Tauber 1950). Melampy & May- 
nard (1937) concluded that the German 
roach could convert proteins into lipids; 
and for the same insect McCay (1938) 
found that adults reared on a skim milk 
whole wheat diet, contained three times 
as much lipid as the ingested foodstuff. 
Schweet (Scoggin & Tauber 1950) con- 
cluded that the American roach could 
synthesize fat from protein although to a 
lesser extent than from carbohydrate. 
German roaches on different diets (Me- 
lampy & Maynard 1937) with the iodine 
numbers of the diet fats 7, 27, and 49 
produced tissue fats with the iodine num- 
bers of 51, 59, and 64 respectively. For the 
influence of diets on the fats of other in- 
sects, the interested reader may consult 
the review of Scoggin and Tauber. 

Even in warm blooded animals the 
chemical nature of the stored fats is in- 
fluenced to some extent by the environ- 
mental temperature. Zummo (1932) kept 
white rats at temperatures of 0° C. and 
30° C. and found that the iodine number 
of the reserve fats decreased with the time 
of exposure to the higher temperature. 
Also the iodine numbers at both tempera- 
tures seemed to be influenced by the diet. 
According to the data about 15 days after 
rats were placed on a given diet at a given 
temperature they came to a level of lipid 
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saturation and thereafter showed little 
change. The pioneer work of Henriques & 
Hansen (1901) correlates the iodine num- 
ber and melting points of fats from differ- 
ent locations in the pig with the tempera- 
ture of the regions from which the fats 
were taken. Dean & Hilditch (1933) 
confirmed and extended this work but at 
the same time in reviewing the literature 
they concluded that the general statement 
that warm blooded animals and plants of 
tropical regions produced more solid satu- 
rated fats than cold blooded animals or 
plants from cooler regions is only partially 
true. Lovern (1938) working with the eel, 
Anguilla vulgaris, found that a low fat 
diet caused no change. in the fats of the 
animal, but a high fat diet exerted a not 
too clear influence which the investigator 
suggested was probably affected by tem- 
perature. Lovern also reported that 
Brockley and Bailey found increasing 
values for the iodine numbers of the fats 
of salmon as they went further north but 
only if the same species of salmon was 
considered. 

Only a few investigations of the rela- 
tionship of temperature and the lipids of 
insects have been made. Ackerman (1926) 
reared an aphid, Rhopalosiphum pruni- 
foliae, at different temperatures and noted 
that the solidification point for fat glob- 
ules in the body fluid increased with in- 
crease in rearing temperature. Rainey 
(1938) found the iodine numbers of blow- 
fly larvae, Lucilia sericata to be 75.8 at 
15° C., 72.7 at 25° C. and 71.1 at 35° C. 
Ditman and Weiland (1938) found some 
differences in the iodine numbers of the 
lipids of the corn ear worm, Heliothis 
armigera (Hub.); prepupae from insects 
reared at 78-88° F. had lipids with an 
iodine number of 70.7, and 85—99° F. the 
iodine number was 65.8. The iodine values 
for the phosphatides of the bluebottle fly, 
Calliphora erythrocephala (Meig.) and a 
sheep blowfly, Phormia terra-novae R. D. 
undergo quite a fall with rise in tempera- 
ture (Fraenkel and Hopf 1940). Iodine 
numbers (averaged from the data of 
Fraenkel & Hopf) are 91 at 18° C., 75.6 
at 27° C., and 65.5 at 36° C. for Calliphora 
and 85.2 at 12° C., 77.2 at 27° C., and 70.4 
at 30-31° C. for Phormia. 

There is a’ viewpoint with regard to 
lipids which enters into the present in- 
vestigation. In selecting the phosphatides, 
Fraenkel & Hopf were choosing for in- 
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vestigation the lipids generally considered 
to be of more vital importance, that is to 
say, those which enter more directly into 
protoplasmic and cellular organization, 
and were thereby avoiding any differences 
which might be attributable to selective 
utilization of stored lipids. This differ- 
entiating concept of the stored lipids being 
more or less variable in character and 
quantity and the phosphatides being 
more or less constant in quantity and 
quality dates back to the work of Mayer 
and Schaeffer in 1914; these authors 
found that overfeeding or inanition did 
not greatly modify the lipid phosphorous 
content of organs (Bloor 1943, pp. 
247-250). While the vital role of the 
constant element or specific organ lipids 
is in no way a matter of disputation, one 
may well think that the differences be- 
tween these and the reserve fats have been 
overstressed to create the conception on 
one set of lipids playing a vital proto- 
plasmic role and another set being held in 
reserve to await the time when some 
emergency would necessitate its mobiliza- 
tion as an energy source. In contrast to 
this concept Schoenheimer and his asso- 
ciates (1940) have by the study of the 
metabolism of the white rat by use of 
tracersubstances produced rather startling 
revelations. Fatty acids are freely and 
continuously interconverted, oleic from 
stearic, palmitoleic from palmitic but 
linoleic and linolenic do not seem to be 
formed by desaturation. Lengthening and 
shortening of the carbon chain apparently 
occurs with ease. These processes occur 
not only in the neutral fats but in the 
phospholipids. The fats in a liver may 
mostly have been formed within the last 
day; there is a constant and rapid turn- 
over. 

Various theories have been proposed to 
account for the death of organisms ex- 
posed to unfavorably high temperatures. 
One of the more inviting of these has to 
do with the lipids of the cells. Heilbrunn 
(1924) working with Arbacia eggs de- 
scribed a heat coagulation other than pro- 
tein coagulation and this occurred at 
lower temperatures than protein coagula- 
tion. This heat coagulation was appar- 
ently in’ someway associated with some 
change in the state of the fatty materials 
of the cells as it was increased by low con- 
centrations of ether. Heilbrunn pointed 
out the correlation between the melting 
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point of the lipids of organisms and the 
sensitivity of these organisms to heat. 
Bélehradek (1931) extended these obser- 
vations. 

While many experiments on the acclim- 
tization of animals have been performed, 
still very little has been done by labora- 
tory experiment to test the role of lipids 
in thermic injury. In their well designed 
and executed work published in 1940, 
Fraenkel & Hopf set out to test the ‘lipoid 
liberation’ theory, that is the theory that 
heat injury whether reversible or irre- 
versible is caused by the melting of the 
lipids in the cells or cell membranes. As 
cited above these investigators found that 
blowfly larvae reared at higher tempera- 
tures had phosphatides more saturated 
(lower iodine numbers) than those reared 
at lower temperatures. Moreover, those 
reared at lower temperatures seemed less 
resistant to high lethal temperatures. The 
authors concluded that blowfly larvae 
reared at higher temperatures not only 
become more resistant to killing tempera- 
tures but the melting points of the fats in 
their cells is adapted; and the authors 
suggest that while the results lend support 
to the ‘lipoid liberation’ theory, death at 
moderately high temperatures hardly is 
due to a mere melting of protoplasmic 
lipids, although such may, as it were, 
trigger a sequence of events. Using larvae 
of the same two species of flies in a sub- 
sequent investigation Hopf (1940) found 
that in both species when subjected to 
high temperatures there was an increase 
in the lipid phosphorous, the inorganic 
phosphorous, and in the adenylpyrophos- 
phate phosphorous in the hemolymph. He 
concluded that the changes which he de- 
scribed represented an adaptation of the 
organism toward a change in its environ- 
mental conditions. 

Heilbrunn, Harris, and Lefevre (1946) 
have presented strong evidence that in 
the vertebrate heated tissues may liberate 
toxins which cause changes in tissues at a 


distance. The toxins seem to be thrombin _ 


like and possibly interfere with the 
sodium/potassium ratio. At present there 
is no evidence that such a toxin may be 
liberated in an insect. 

EXPERIMENTAL INVESTIGATION.—Amer- 
ican roaches kept in aquaria were used in 
these experiments. These insects were fed 
“Milkbone” dog biscuits manufactured 
by the National Biscuit Company. Ac- 
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cording to the manufacturer’s analysis 
these biscuits are low in fat: “minimum 
crude fat 1.50 per cent”. Six samples of 
these biscuits taken from six different 
cartons were analyzed for the iodine 
number of the fats using the procedures 
given below. All the values obtained were 
near the mean of 74. No other analysis of 
the food was made. 

The room in which the stock colony of 
roaches was kept became very warm oc- 
casionally in summer. However, with the 
advent of cooler autumn weather it was 
possible to maintain a relatively constant 
temperature (+2° C.) as desired by means 
of a thermostatically controlled electric 
heater. A ‘‘cool” refrigerator set at 17° 
C.+1 and a “‘warm” box made from an 
old refrigerator by the installation of an 
electrical heating unit controlled by a 
very sensitive (within 1°C.) thermostat 
were available for controlled temperatures 

Groups of roaches used in the experi- 
ments were maintained under the indi- 
cated conditions and during periods of 
storage were kept in battery jars well 
supplied with food and water. About 
thirty roaches were in each jar and these 
were always at the beginning of the ex- 
periment nymphs, weighing not less than 
400 mg. by estimate as in the determina- 
tion of the iodine numbers no insects 
weighing less than 500 mg. were used. As 
large nymphs were placed in the different 
groups a few of them had become adults 
by the time the analyses were made. In 
general adults were not used in the ex- 
periments; the few cases in which they 
were used are so indicated. 

Roaches used for total lipids were 
weighed, killed with boiling alcohol, 
minced with dissecting scissors, ground 
with fat free sand in a mortar; and the 
lipids were extracted by boiling the sand 
and tissues in alcohol, filtering and wash- 
ing the residue with hot alcohol and with 
hot alcohol and ether. The filtrate was 
evaporated to near dryness on a water 
bath and the residue taken up with ether 
and filtered. Care was taken to avoid 
oxidation of the fats. The ether was eva- 
porated off by agitating the tubes con- 
taining the lipid ether solution in warm 
water. Thus the sample of fat was 
obtained. 

The iodine numbers of the lipids were 
obtained by the Wijs method as outlined 
by Jamieson (1934). 
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Eight experiments on lipid determina- 
tions were run but later, as further in- 
formation for the iodine number at 31° 
seemed desirable, a ninth run was made. 
Experiment 1. This was in someways a 
preliminary and exploratory experiment. 
Three groups of roaches were used: Group 
A was stored at 34° C., group B at room 
temperature, and group C at 17° C. The 
previous history of the roaches had been 
one of high room temperature and during 
the course of the experiment the room 
temperature was about 31° C. and, un- 
doubtedly, had been this high for several 
days previous to this experiment as the 
room stayed at a high temperature 
generally. The original idea was to let the 
B group of roaches as “room temperature 
roaches” be subjected to fluctuating tem- 
perature conditions. Two days before the 
first analyses were run for this experiment 
this idea was abandoned; the laboratory 
radiator was turned off and the thermo- 
statically controlled heater was turned on 
with the thermostat set at 27° C. In effect 
all three groups had been at a high tem- 
perature of about 31° C. for many days 
before the groups were set up and except 
for the last two days group B continued 
at this temperature for experiment 1; but 
groups A and C were at the temperatures 
of 34° C. and 17° C. respectively. At the 
end of 1 week three lots from each of the 
three groups were killed, their lipids ex- 
tracted, and the iodine numbers deter- 
mined. The lots, weights, sexes, instars, 
and iodine numbers for these and all other 
iodine number determinations are shown 
in table 1. In this first experiment, 
especially in group A the groups were 
mixed nymphs and adults. In subsequent 
experiments except for a few determina- 
tions such mixed groups were avoided. 
Experiment 2. The A at 34° C., B at 27° 
C., and C and 17° C. groups of experiment 
1 were continued for another week after 
which three lots were taken from each 
group and the iodine numbers determined. 
Experiment 3. The above groups were 
continued for a third week, divided into 
lots and the iodine numbers determined. 
Experiment 4. The iodine numbers of 
five lots of roaches held at 29° C. for 2 
weeks were determined. Their previous 
temperature had been 23° C. for several 
weeks. 
Experiment 5. The roaches previously 
at 23° C. for over three weeks were kept 
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at 30° C. for two weeks and the iodine 
number of their lipids determined. 

Experiment 6. A group of roaches pre- 
viously at a temperature of 32° C. for 
several weeks were kept at 39° C. for 12 
days, were subdivided into four lots for 
which the iodine numbers of the lipids 
were determined. 

Experiment 7. This experiment was 
undertaken to determine the iodine num- 
ber of the lipids from roaches held at 23° 
C. for over 4 weeks. 

Experiment 8. A group of roaches were 
submitted to a rather erratic diurnal vari- 
ation; the nights being spent at 17° and 
the days being passed at 34° C. It came 
out that a total of 5.86 days were spent at 
the higher temperature, 7.28 days at the 
lower temperature. Previous to treatment 
these roaches had been at a temperature 
of 27° C. for 2 weeks. The group of roaches 
was divided into six lots for which the 
iodine numbers of the lipids were deter- 
mined. 

In order to confirm the result of experi- 
ment 1B the iodine numbers of the lipids 
of roaches held at 31° C. for 2 or 3 weeks 
were determined. The values of these two 
experiments are combined for the value 
for 31° C. in figure 1. 

At the outset more emphasis was 
placed on rapidly securing a representa- 
tive sample of fats for iodine number de- 
termination. Later, however, it was 
realized that a determination of the quan- 
tity of lipids might be of use and an at- 
tempt was made to secure this value. For 
roaches at or above, 23° C. for two weeks 
or longer the mean for 17 determinations 
for male nymphs gave a mean value of 
6.6+1.4; ten determinations for female 
nymphs gave a value of 6.8+1.9. The dif- 
ference in the two means is 0.2; the stand- 
ard error of the difference is 0.723. Un- 
fortunately the only values available for 
roaches at 17° C. are those made early in 
the investigation. These are low. 

Five experiments on the resistance of 
roaches to high temperatures were run. 

Experiment 10. This was a preliminary 
investigation. Seven nymphs which had 
been kept at 34° C., Group A, for 3 weeks 
and seven nymphs that had been kept at 
23° C. for about 5 weeks were placed in 
shell vials covered at the end with wire 
mesh. Four roaches from the A group and 
three from the B group were placed alter- 
nately in the sliding tray of a Columbia 
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paraffin oven. The tray was moved into 
place and the door partially closed so as to 
leave an aperture about 1 inch wide 
through which the roaches could be ob- 
served. The temperature in the oven as 
indicated by the thermometer rose rapidly 
to 66° to 68° C. Suddenly and simultane- 
ously the three roaches of group B went 
into violent activity; the group A roaches 
remained only mildly active for about 30 
seconds longer, then these four became 
violently active. Then the activity of 
roaches of both groups gradually abated 
with the onset of heat rigor with no mani- 
fest difference between the two groups. 
Under this setup it was not possible to 
watch the roaches, the temperature and 
the time very well, but the average time 
for cessation of motion was slightly less 
than 10 minutes from the time the insects 
were put into the oven. The four remain- 
ing roaches of group B and the remaining 
roaches of group A were treated similarly; 
and the same phenomenon was observed. 
Three roaches of each group recovered 
slightly but were discarded next day. 

Experiments 11 through 13. A and B 
group roaches which had been conditioned 
at different temperatures were used. 
These animals were placed in 125 cc. 
Erlenmeyer flasks closed with a wire mesh 
cap. One roach was placed in each flask. 
In all these experiments A and B group 
roaches alternated both within and be- 
tween rows arranged on the middle shelf 
of a thermostatically controlled, electri- 
cally heated oven, which in addition to 
the outer door had an inner door of glass 
through which observations could be 
made. Although the oven heated moder- 
ately rapidly and the thermostat was 
sensitive, there was no fan to distribute 
the heat so the temperature may not be 
regarded as even throughout the oven. 
Nevertheless, the arrangement of the 
flasks and the fact that in different ex- 
periments the group A and B roaches 
were shifted in relative position, provided 
comparable treatment for the two groups. 
The temperature inside the oven was read 
from a thermometer lying beside the front 
row of flasks. Nymphs were used in all 
experiments except experiment 14 in 
which young adults were used. Approxi- 
mately half the number of roaches in each 
A and B group were male and the others 
female. Data for experiments 11 through 
14 are given in table 2. 





Table 1.—Iodine numbers for lipids extracted from the roach. 
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Table 2.—Mortality at different high temperatures of roaches previously exposed to different 


storage temperatures. 
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ANALYSIS AND Discussion oF ReE- 
suLts.—The lipids obtained by the pro- 
cedure outlined above were a viscous 
straw-colored oil. Timon-David described 
the oils extracted from the oriental roach 
as having a pungent odor; these lipids from 
the American roach had only a faintly de- 
tectable odor. No determinations of solidi- 
fication as such were run but it was noted 
that at about 22° C. the oils with the 
lower iodine numbers showed some indi- 
cations of setting. 

Immediately after the iodine numbers 
in the three groups in experiment 1 were 
determined it was seen by means of these 
values that if different temperatures were 
to produce significant differences in the 
iodine numbers of the lipids, longer peri- 
ods of exposure to the temperatures were 
required, although group C was some- 
what higher than the other groups. Thus 
the three groups were continued at their 
respective temperatures and the deter- 
minations of experiments 2 and 3 were 
made. While the group B and C roaches 
show a rise in iodine numbers, the group 
A roaches within experimental error do 
not, but remain essentially at the level 
produced by the pretreatment room con- 
ditions (about 31° C. for several weeks). 
Although it seemed obvious by inspection 
that the A groups of experiments 2 and 3 
were different from either the B or C 
groups; it was, indeed questionable 
whether the B and C groups might differ 
from each other. By calculation the com- 
bined A groups gave a mean of 61.0 with a 
standard deviation of the mean (com- 
puted for small numbers) of 1.08; for the 
combined B groups 70.7 and 1.52; for the 
combined C groups 72.7 and 1.16. Com- 


paring the three groups by the standard 
error of the difference between two means 
confirmed the conclusion that the A 
groups were extremely different from the 
B and C groups; but that the latter were 
not statistically different from each other. 

The conclusion is then obvious: between 
17° C. and 27° C. the degree of saturation 
of the total lipids of the roach under the 
same conditions is the same and between 
27° and 31° C. there is a rapid fall in the 
iodine number. 

The iodine numbers for the B and C 
groups show a steep rise during the first 
and second weeks and a leveling off 
(exper. 3) between the second and third 
week thus indicating an approach to a 
dynamic stabilized condition at about the 
end of the second week. Experiment 8 in 
which the roaches were fluctuated alter- 
nately at 17° and 34° C. indicates the same 
rate. These insects having been for several 
weeks at a temperature of 27° C. before 
the treatment began would have had an 
iodine number of about 72. Had they been 
kept for 2 weeks at 34° C. their expected 
iodine number would have been about 60. 
As it worked out a summation of the total 
number of hours spent at the 34° C. 
temperature was slightly less than 6 days 
and their mean iodine number of 68.1 is 
within experimental error what one would 
expect if the roaches had simply been 
stored at 34° C. for about 6 consecutive 
days. Aside from confirming the rate of 
change over, experiment 8 establishes 
that the mechanism by which the iodine 
numbers are altered is quickly responsive 
to change in temperature and, moreover, 
is thrown into and out of operation each 
time the temperature falls or rises. A 
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single brief exposure does not take the 
iodine numbers from one level to the 
other, in other words there does not seem 
to be a “triggered”’ reaction. 

The data of Zummo (1932) with white 
rats also indicates that a shift in iodine 
numbers seems to be completed in about 
twelve to fifteen days. This, with the ob- 
servation above is of considerable theo- 
retical interest. If storage lipids in an 
animal are to be considered as sharply set 
aside from the protoplasmic lipids there 
seems to be little reason why their iodine 
numbers should change. The rather rapid 
shift in the numbers may be interpreted 
to be in line with the concept of Schoen- 
heimer that all the materials in an animal 
are in a constant state of flux. 

In order to determine more completely 
the response of the lipids to temperatures 
between 17° and 27° C., between 27° C. 
and 31° C. and above 34° C. experiments 
4, 5, 6,7, and 9 were run. The arithmetic 
means for these experiments with the 
arithmetic means from the groups in ex- 
periments 2 and 3 properly combined are 
plotted in figure 1. 
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Fic. 1.—Iodine numbers (ordinates) of lipids of 
roaches held at different storage temperatures 
(abscissas) in degrees centigrade. 


The curve in figure 1 is worthy of at- 
tention. It exhibits a virtual plateau from 
17° to 27° C.; then the slope changes ra- 
pidly until it starts leveling off at about 
31° or 32° C. Unfortunately the author 
found in the literature no data with which 
this curve might be compared. The data 
of Henriques and Hansen deals with diff- 
ferent sites within an animal and is not 
comparable; Zummo kept his rats at two 
extreme temperatures. The data of 
Fraenkel & Hopf while consisting of a 
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considerable number of icdine number: 
determinations can not be used for com- 
parison as these are distributed among 
two insects and two methods, and thereby 
do not provide over three points for any 
one animal for one method. The selected 
temperatures include one low, one me- 
dium, and one high; and lines connecting 
the iodine values for these might be con- 
sidered as a straight line or only mildly 
curving. If only the values of 17°, 30° and 
39° C. in figure 1 are considered they 
could be interpreted as lying on a straight 
line. 

The nature of the curve is such as to 
invite discussion. Perhaps it may be the 
result of the differential absorption of 
food fats dependent on temperature; but 
considering the low fat content stated to 
be in the dog biscuits (not less than 1.5 
per cent according to the manufacturer; 
actually giving for six samples a mean of 
2.5 per cent by analysis of this author) 
and the fact that this food fat ran iodine 
numbers higher than those obtained on 
the average at any temperature from the 
roaches one is inclined to reject an expla- 
nation of differential absorption. The 
form of the curve is perhaps more sugges- 
tive of an enzyme optimum. It might be 
postulated that the animal is forming 
hard fats from the carbohydrates in its 
diet and that these fats are being desatu- 
rated at temperatures around 30° C. and 
below by a dehydrogenase system. The 
answer will have to wait for more data; 
conjecture is hardly warranted at the 
present time. 

Some incidental observations may be 
made. In table 1 it may be seen that the 
determinations for males and females 
vary at random. As the iodine numbers for 
17°, 23° and 27° are statistically equiv- 
alent the determinations for the sexes in 
experiments 2 B and C, 3B and C and 7, 
legitimately, may be grouped for compari- 
son. For 11 determinations involving 
males the mean is 71.9; for an equal 
number of determinations for females it is 
70.0. Thus within experimental error of 
the determinations no difference is shown. 
The few iodine numbers involving adults 
in table 1 are mostly for mixed groups, but 
the few exclusively adult values do not 
seem to differ from those for nymphs. 
However, these were very young adults, 
perhaps, in no case were any of them over 
a week old. 
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In experiment 7 exceedingly great care 
was taken to obtain all the lipids as each 
determination of the iodine number was 
based on a single animal. It may be seen 
by table 1 that the iodine values for indi- 
vidual roaches in this experiment do not 
vary much more than those for pooled 
values in other experiments even though 
the quantity of lipid for each determina- 
tion was less than should generally be 
used. The values obtained however in- 
dicate that the variation in these experi- 
ments is probably more a matter of tech- 
nique than of actual biological variation 
in the insects. 

Experiment 7 may be considered to 
have given relatively good measures of 
the total quantity of lipids. The mean 
value for the 10 nymphs is 7.7 per cent 
of wet weight. The seven males averaged 
7.1; the three females 8.9. While 7.7 per 
cent is perhaps as near the true value for 
nymphs as the 6.6 or 6.8 given above for 
males and females as determined by 
several experiments including No. 7 it is 
doubtful that the sex difference is as great 
as experiment 7 would tend to indicate, 
for while the values 6.6 and 6.8 are proba- 
bly somewhat low the error induced in 
them by the technique of their extraction 
should not have obscured any sex differ- 
ence. While the 8.9 per cent value is some- 
what lower than the highest value given 
for the female American roach adult (by 
Schweet) the value 6.6 above exceeds all 
other values for roaches found in the 
literature. These figures are in line with 
those reported for other Orthoptera. 

In this investigation it was not intended 
to study the influence of temperature on 
rate of growth or development; but it was 
qualitatively noticeable that the roaches 
at higher temperatures matured much 
more rapidly than the roaches at lower 
temperatures. For example, although 
they, presumably, were on the average of 
the same weight and age at the time the 
experiments began the roaches in groups 
A and C in experiments 1, 2, and 3 devel- 
oped at quite different rates. In the three 
week period in which they were stored 15 
out of 30 roaches in the A groups moulted 
to adults; in the C groups none, as adult 
roaches seem to lose weight near the last 
moult the A groups only slightly out- 
weigh the C groups; the B groups in ex- 
periments 2 and 3 do seem to slightly 
outweigh the C groups. Moreover the 
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roaches at 17° C. were in general sluggish 
and ate very little food. 

While the preliminary observations in 
experiment 10 indicated some difference 
in the reaction of roaches with different 
iodine numbers to unfavorably high tem- 
peratures the more definite data in table 
2 indicate no differences. In all the experi- 
ments the few surviving roaches appeared 
to be about equally seriously injured and 
roaches of comparable A and B groups 
were indistinguishable by their symptoms. 
While the conditions of these experiments 
might have been improved by the ovens 
having a circulating fan, still conditions 
for the compared groups were essentially 
the same. Therefore, on the basis of these 
experiments it must be concluded that no 
wide margin of difference existed and that 
an iodine number difference of about ten 
digits in the total lipids of the American 
roach does not appreciably influence the 
ability of this animal to withstand tem- 
peratures sufficiently high to be lethal; 
nor did two or three weeks afford any 
“acclimatization.” 

SuMMARY AND Conciusions.—Total 
lipids have been extracted from the 
nymphs of the American roach stored at 
different temperatures and the iodine 
numbers for these lipids determined. 

Between 17° C. and 27° C. iodine num- 
bers range around 72 and show no statis- 
tical difference; between 27° C. and about 
32° C. the iodine numbers fall rapidly to 
around 60 and show little further decline 
with increase in temperature up to 39° C. 

When shifted from a suitably high to a 
suitably low temperature, or vice versa, 
the alteration of the iodine numbers ap- 
pears to be approximately complete in 
about two weeks. This rate of change is 
consistent with the idea of Schoenheimer 
that the lipids in an animal are in a con- 
stant state of flux. 

The shift from one iodine number level 
to another under the stimulus of tempera- 
ture change, apparently, is not a “trig- 
gered” reaction. 

Male and female nymphs show little, if 
any, difference in the quantity of their 
total lipids, the amount being somewhat 
more then 6.6 per cent of wet weight. This 
value and others reported and discussed in 
this paper is in line with those for other in- 
sects including other species of roaches re- 
ported in the literature. 

As an incidental observation it was 
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noted that the roach nymphs mature lipids in the resistance of animals to high 
much faster at the higher than at the temperature, does not lend support to the 
lower temperatures. ‘lipoid liberation’ theory. 

Groups of roaches, stored for a time in- ACKNOWLEDGMENT: The author wishes 
terval sufficiently long to insure different to express his appreciation to Dr. E. N. 
iodine numbers for different tempera- Cory, Professor of Entomology, the Uni- 
tures, show no difference in their resist- versity of Maryland, for his kindness and 
ance to high lethal temperatures under the understanding during the past few years, 
experimental conditions of this investiga- and especially for his encouragement dur- 
tion. This investigation while in no sense _ ing the period in which the above research 
disproving a possibly very vital role of the | was accomplished. 
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Fall Migration of Aphids with Special Reference to 
the Green Peach Aphid! 


J. H. Newton, M. A. Paumer and Grorce M. List, Colorado Agricultural Experiment Station, 
Fort Collins 


Stone fruits are known to be subject to 
a number of serious virus diseases. The 
importance of aphids in the transmission 
of plant viruses makes their presence and 
habits in an intensive stone fruit produc- 
ing area a matter of importance. Evidence 
presented by Daniels (1945, 1948) indi- 
cates that the green peach aphid, Myzus 
persicae (Sulzer), is probably the number 
one agent in the natural spread of the 
peach mosaic. Therefore, habits and host 
plant relationships of this species are of 
special importance. The new approach to 
the control of this species through the use 
of fall applications of residual insecticides 
(Newton & List 1947) emphasized the 
need for detailed information on the 


movement from summer hosts to winter 
hosts from the practical standpoint of 
timing of the spray applications. Such a 
study was made at Palisade, Colorado, 
during the falls of 1946 and 1947. 

Mernuops.—Sticky 


MATERIALS AND 
trap boards prepared according to speci- 
fications made by Kaloostian & Yeomans 
(1944) for pear psylla, Psylla pyricola 
Foerst., scouting work were employed. 
Funds for the purchase of some 1100 of 
these boards came from the Mesa County 
Research Committee. One trap was hung 
by a wire about mid-height in each tree 
in such a manner that it could swing 
freely. After exposures of from 3 to 8 days 
the traps were removed and all aphids 
carefully collected, washed in alcohol to 
remove the tangle-foot, then mounted for 
identification. In 1946 one trap was placed 
in each of five trees in 26 peach orchards 
representing natural regions in the Pali- 
sade area. During 1947 one trap was 
placed in each of five trees in 11 orchards 
similarly selected. 

Resutts.—Tables 1 and 2 give the total 
aphids by species taken from the traps 
and the periods of first, last and maximum 
trapping. Approximately 6.3 per cent of 
the specimens were unidentifiable because 
of breakage. It will be noted that a total 
of 44 species, representing 18 genera were 
identified during the two seasons. Each 
year 31 species representing 15 genera 


were identified. A total of 2287 aphids 
were taken during the two fall migrating 
seasons, 1958 of these were viviparae and 
323 males. The viviparae outnumbered 
the males a little more than 6 to 1. In only 
one species where any considerable num- 
ber was taken, did the males outnumber 
the viviparae; this occurred with the green 
peach aphid in 1947. With all species 
where males were taken, the viviparae 
were migrating earlier than the males. 
With the green peach aphid, viviparae 
were taken over a period of 48 days in 
1946 and over a period of 14 days in 1947, 
before males were taken. This, especially 
in 1946, gave sufficient time for the vivip- 
arae to give rise to the egg laying females 
and for these to become sexually mature 
before the males appeared from the sum- 
mer hosts. During the two seasons 126 
Anoccia querci (Fitch), 88 Eriosoma lani- 
gerum (Haus.), and 49 Pemphigus bal- 
samiferae Williams viviparae were taken 
but no males, since in these species the 
males are apterous and are deposited by 
the viviparae on the winter host. The 
length of time over which migration took 
place was, with most species, longer than 
expected. In 1946 three species were 
trapped during the period of December 9 
to 18. The green peach aphid showed the 
greatest late activity. However, this is not 
to the advantage of the species in that the 
late viviparae fail to give rise to egg-laying 
females or the latter have insufficient time 
to mature before leaf fall. 
Discussion.—The green peach aphid 
was the only species that successfully 
colonized on the peach and produced 
mature egg-layers. However, this does not 
preclude the possibility of others feeding 
sufficiently to transmit a virus. The vivip- 
arae of Amphorophora sonchi (Oestlund) 
were observed to produce colonies of egg- 
layers on peach foliage in 1946 but careful 
observations failed to show deposition of 
overwintering eggs. There are, in the Colo- 
rado Agricultural Experiment Station col- 
lection, one apterous egg laying female of 


1 Scientific Journal Series Paper No. 402, Colorado Agricul- 
tural Experiment Station. 
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Table 1.—The species of aphids taken as fall migrants on tanglefoot traps in peach orchards, Pali- 





sade, Colorado, 1946, with periods of first, last, and maximum trapping. 





Periops oF TRAPPING 














Period Greatest 


| Period First Trapped | Period Last Trapped No. Trapped Totals 
Spectes TAKEN eo Qe | M V mM |v [M 

Amphicercidus flocculosus (Gil- 

lette & Palmer) 9/10-17_ | 9/10-17 9/10-17 1 
Amphorophora sonchi (Oestlund) 9/3-10 | 10/6-21 11/22-12/2 | 11/22-12/2 9/26-10/6 | 10/6-21 95 3 
Anoecia querci (Fitch) 9/10-17 | | 10/21-30 9/26-10/6 65 
Aphis bakeri Cowen 9/3-10 9/17-26 | 12/9-18 | 12/2-9 9/26-10/6 | 12/2-9 118 6 
Aphis crataegifoliae Fitch 9/3-10 9/3-10 12/2-9 11/16—22 9/10-17 11/15-22 89 + 
Aphis helianthi Monell 9/3-10 | 9/26-10/6 | | 9/10-17 24 
Aphis rosea (Baker) 9/10-17 10/21-30 | 10/30-11/7 | 10/21-30 10/6-21 10/21-30 3 1 
Aphis rumicis (Linn.) 9/10-17 | 10/6-21 | 9/26-10/6 9 | 
Aphis viburnicola (Gillette) 9/10-17_ | | 9/26-10/6 | | 2 | 
Aphis vorabonnevilla Knowlton 9/10-17 | 11/7-15 9/26-10/6 29 | 
Aphis sp. 9/10-17_ | 10/6-21_— | 9/26-10/6 18 | 
Brevicoryne brassicae (Linn.) 9/26-10/6 | | _9/26-10/6 | 9/26-10/6 1 
Eriosoma laniyerum (Hausmann) 9/3-10 | 10/6-21 9/17-26 46 | 
Hyalopterus sp. 9/3-10 9/3-10 } | 9/3-10 | 1 | 
Macrosiphum dirhodum (Walker) | 9/17-26 | | 11/22-12/2 | |} 9/17-26 4 
Macrosiphum granarium Kirby 9/10-17 | 9/10-17 | | 9/10-17 a 
Macrosiphum pisi (Kalt.) | 11/15-22 | 11/15-22 11/15-22 | . a 
Myzus lythri (Schrank) or maha- 

leh Koch | 9/10-17 | 10/6-21 9/26-10/6 | 10/6-21 9/26-10/6 | 10/6-21 33 
Myzus persicae (Sulzer) 9/3-10 | 10/21-30 | 12/9-18 12/9-18 9/26-10/6 | 11/15-22 96 26 
Pemphigus balsamiferae Williams | 9/3-10 | | 11/7-15 10/21-30 24 
Pemphigus sp. 9/3-10 | 9/10-17 9/3-10 8 
Proctphilus corrugatans (Sirrine) 9/3-10 9/3-10 9/3-10 1 
Prociphilus venafuscus Patch 9/17-26 11/15-2@2 | 10/21-30 17 
Pteracomma populifoliae (Fitch) | 11/15-@2 | 11/7-15 | 11/15-22 11/7-15 11/15-22 11/7-15 2 1 
Pterocomma pseudopopulea Pal- | 

mer 9/10-17 | | 9/10-17 | 9/10-17 1 
Pterocomma smithiae (Monell) | 9/26-10/6 | 10/21-30 | 11/7-15 11/22-12/2 | 10/6-21 | 10/21-30 24 4 
Rhopalosiphum grabhami Ckl. or | | | 

poae (Gillette) 9/10-17 | | 9/10-17 9/10-17 1 
Rhopalosiphum maidis (Fitch) 9/3-10 | 10/6-21 9/10-17 | & 
Rhopalosiphum nymphaeae | } 

(Linn.) | 9/3-10 11/7-15 | 10/6-21 } 11/7-15 11/7-15 2 | 1 
Rhopalosiphum prunifoliae | | | 

(hitch) 9/3-10 | 10/21-30 | 12/9-18 12/2-9 9/26-10/6 83 2 
Unidentifiatle 22-12/2 | 11/22-12/2 | 9/26-10/6 | 10/21-30 50 5 


9/17-26 


10/21-30 | 11 





Total 


890 











1 Viviparae. 2 Males. 
Hyalopterus arundinis (Fab.) and three of 
Rhopalosiphum prunifoliae (Fitch) taken 
on peach October 27 and 29, 1936 by Max 
Sisson of the U.S. Bureau of Entomology 
and Plant Quarantine. At this same time 
Sisson took apterous viviparae of Myzus 
cerasi (Fab.) on Duke cherry, apterous 
egg layers of Aphis helichrysi Kalt, 
Phorodon humuli Schrank, Rhopalosi- 
phum prunifoliae (Fitch) and Hyalopterus 
arundinis (Fab.) on plum and the latter 
on apricot. 

Data indicate that the green peach 
aphid viviparae and egg layers avoid the 
mature leaves that are near dropping. 
Counts made October 17, 1951, coopera- 
tively with Lorin Anderson of the Colo- 
rado Division of Agriculture, in an or- 
chard being observed for the timing of fall 
experimental spray tests for peach aphid 
control showed the population on 100 
yellowing and mature leaves taken at 
random to be 26 alates and 189 immature 
egg layers, while 100 green leaves in the 
same orchard carried 165 alates and 1040 
















immature egg layers. On this date no eggs 
could be found but many egg layers were 
near maturity as evidenced by an egg 
count made October 28, when 263 eggs 
were found on 100 buds selected at 
random. Also egg layers must have foliage 
upon which to feed to reach maturity. 
The time of leaf maturity and fall are, 
therefore, very important in determining 
the number of overwintering eggs. The 
apterous egg layers carried to the ground 
on falling leaves do not as a rule again 
reach the tree for egg deposition. Falls 
with early leaf drop have been noted to 
be followed by light aphid populations. 
This seems positive enough that early leaf 
fall through cultural methods and the use 
of chemical defoliators is suggested as a 
possible means of control. 

From the standpoint of possible virus 
relationships the summer and winter hosts 
involved in this great fall movement of 
aphids are of major importance. The 
world host plant records compiled by 
Patch (1938) and Colorado collection 
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Table 2.—The species of aphids taken as fall migrants on tanglefoot traps in peach orchards, Pali- 
sade, Colorado, 1947, with periods of first, last and maximum trapping. 








Period | First Trapped 


Species TAKEN yi | 


Periops oF TRAPPING 


oF me © 0 J Period Greatest | 
No. Trapped 


| Period Last Trapped 


Torats 


v | Mu 


v1. me 





Amphorophora sonchi ( (¢ Jestlund) 

{noecia querci (Kitch) 
{ phis bakeri Cowen 

Aphis cerasifoliae Fitch 

Aphis crataejifoliae bitch 

Aphis helianthi Monell 

Aphis knowltoni Hottes and 
Frison 

Aphis rosea (Baker) 

Aphis rumicis (Linn.) 

Aphis voradonnevilla Knowlton | 

Brericoryne brassicae (Linn.) 

Capitophorus braggii (Gillette) | 
Capitophorus gillettei Theobald 

Capitophorus xanthii (Uestlund) | 

| 


9/15-20 
9/15-20 
9/15-20 
9/20-22 
9/15-20 
9/15-20 


10/7-19 
10/7-19 


9/22-29 
9 /20-22 
9 /22-29 
9/15-20 7-19 
10/19-25 


19-25 





Eriosoma lanigerum (Hausmann) 
Hyalopterus arundinis ( 
Macrosiphum barri Essig 
Macrosiphum dirhodum fw alker) 
Myzocallis californica Baker 
Myzus lythri (schrank) or maha- 

leb Koch 
Myzus ornatus Laing 
Myzus persicae (Sulzer) 
Pemphijus balsamiferae Williams 
Pemphigus monophagus Maxson | 
Prociphilus ren¢ ~ 3 scus Patch 
Pterocomma smithiea (Monell) 
Rhopalosiphum grabhami Ckl. 
Rhopalosiphum maidis (Fitch) 
i ‘iphum prunifoliae 

Fitch) 

Teanulire graminum (Rondani) 
Toxoptera muhlenbergiae Davis 
Unidentifiable 


Fab.) 


7-19 
) 29-10, 
9/15-20 29-10 
9 /15~20 
9/ 20-22 
10/19-25 
9/29-10 
9 /22-29 
9/20-22 


9/15-20 7-19 
9/ 20-22 
10/19-25 
9/22-29 29- 10/ 


| 

| 9/22-29 149 23 
| 10/19-25 
| 9/22-19 
| 9/20-22 
| 

| 


| 
| 10/7-19 & 
9/22-29 | 10/19-25 "8 


11/7-15 10/7-19 78 
20-22 2 
| 11/7-15 


11/7-15 


10/31-11/7 | 
9, 
} 11/7-15 “— 


10/31-11/ 9/20-22 | 


| 
9/29-10/7| 
10/19-25 | 
9/29-10/7, 

| 10/19-25 


| 10/19-25 
10/19-25 
| 10/19-25 
| 10/19-25 
10/19-25 


| 10/19-25 10/19-25 


| 10/19-25 10/7-19 





| 10/7-19 
10/7-19 


10/7-19 

| 10/7-19 
9/20-22 
10/19-25 
9/20-22 
| 9/29-10, 
| 10/19-25 
9/20-22 


9/20-22 
10/19-25 

9/20-22 

9/29-10/ 


- 
Lh a i ied 


9/20-22 


- 


ces) 
Com Co ae OO 


10/19-25 
7, 9/29-10 
7, 11/7-15 
10 /19-25 
9/20-22 
10/19-25 
10/31-11/7 
9/22-29 
10/19-25 


10/19-25 
9/29-10/7 
11/7-15 


9/29-10/7 
10/7-19 


10/19-25 
10/7-19 
9 /22-29 
9/22-29 


00 © 


9/29-10 10/19-25 
9/29-10 

10/19-25 

9/22-29 9/29-10/7 


10/29-31 
9/29-10/ 
10/19-25 

7 10/ S1-11, 7 


11/7-15 


10/31-11/7 


otal 





1 Viviparae. * Males. 


records given by Palmer (1952) for those 
species that were represented by 20 or 
more specimens on the traps for any one 
season are given below. Colorado records 
are indicated by use of the asterisk. Plant 
names are according to Standardized 
Plant Names (1942). 
Hosr PLant Recorps. 


Amphorophora sonchi (Oestlund). Winter hosts: 
Ribes aureum*, R. longifolium, R. nigrum*. Summer 
hosts: Apium graveolens*, Lactuca sp.*, Sonchus 
asper, S. oleraceus*. 

Anoccia querci (Fitch). Winter hosts: Quercus sp., 
Cornus amomum, C. florida, C. paniculata, C. 
sanguinea, C. stolonifera*. Summer hosts: Andro- 
pogon scoparius, Aster ericoides, A. novae angliae, 
Digitaria sanguinalis, Eleusine indica, Erigeron 
philadelphicus, Muhlenbergia mexicana, Oenothera 
biennis, Panicum capillare, P. glabrum, P. virgatum, 
Phleum pratense, Poa pratensis, Polygonum erectum, 
P. hydropiper, Setaria glauca, S. viridis, Sorghum 
halepense, Solidago gramin’folia, Zea mays, roots of 
grasses* (species not specified). 

Aphis bakeri Cowen. Winter hosts: Crataegus 
rivularis*, Cydonia sp.*, Malus sp.*, Prunus sp., 
Pyrus baccata, P. communis*. Summer hosts: 
Amsinckia, Capsella bursapastoris, Medicago sativa*, 
Melilotus alba*, Trifolium alerandrianum, T. in- 
carnatum, T’.. pratense*, T. repens*, T. repens-latum. 

Aphis crataegifoliae Fitch. Winter hosts: Cra- 


floribunda, M. pumila, M. rivularis, M. 


taegus coccinea, C. oxyacantha, C. punctata, Cra- 
taegus sp.*, Cydonia japonica, C. vulgaris, Prunus 
sp., Pyrus communis, P. malus. Summer hosts: 
Lathyrus odoratus, Pisum sativum, Trifolium sp.* 

Aphis helianthi Monell. Winter hosts: Catalpa sp., 
Cornus mas, C. sanguinea, C. stolonifera*. Summer 
hosts: Ambrosia artemisiaefolia*, A. trifida*, Aster, 
Asclepias sp.*, Carduus, Cirsium sp.*, Helianthus 
annuus*, H. divaricatus, H. giganteus, H. grosse- 
serratus, H. petiolaris*, H. rigidus, H. tuberosus, Iva 
xanthifolia*, Mirabilis linearis*, M. nyctaginea*, 
Urtica gracilis*. 

Aphis vorabonnevilla Knowlton. 
Populus deltoides, P. angustifolia, Salix sp. Fall 
migrants numerous on these plants—no eggs de- 
posited, doubtful hosts. Summer hosts: Unknown. 

Eriosoma lanigerum Hausmann. Winter hosts: 
Ulmus americana, U. campestris, U. montana. Sum- 
mer hosts: Cotoneaster acutifolia, C. horizontalis, 
C. humifusa, Crataegus coccinea, C. crusgalli, C. 
cuneata, C. rivularis, Cydonia sp., Malus sp.*, Malus 
sieboldit, 
M. toringo, Prunus, Pyrus americana, P. communis, 
P. malus, P. sitchensis, Sorbus sp. 

Myzus lythri (Schrank) or mahaleb (Koch). 
Winter hosts: Lythrum salicaria, Prunus mahaleb*. 
Summer hosts: Epilobium adenocaulon*, Galium sp.* 

Myzus persicae (Sulzer). This species has such a 
wide range of summer hosts that they are here re- 
corded only by family. In many records, determina- 
tion of the host is only to genus. Sixty-nine families 
are represented in the world records (Patch 1928), 
and 21 in Colorado records. The world records, ex- 


Winter hosts: 











670 JOURNAL OF Economic ENTOMOLOGY 





clusive of Colorado records taken since 1938, in- 
dicate 235 genera and at least 335 species. The 
figures following family names indicate as accurately 
as can be determined the number of species and 
genera represented. Winter hosts: Mostly peach* and 
nectarine*, also Prunus armeniaca*, P. besseyi*, P. 
cerasus*, P. americana*, P. domestica*, P. japonica*, 
P. virginiana*. Summer hosts: Acanthaceae 1-1, 
Aceraceae 2-1, Aizoaceae 1-1, Apocynaceae 3-2, 
Amaryllidaceae 3-3, Amaranthaceae* 4-4, Araceae 
2-2, Araliaceae 1-1, Asclepiadaceae 1-1, Bignoniaceae 
2-2, Boraginaceae 4-4, Cactaceae 1-1, Convolvulaceae 
7-3, Cannaceae 1-1, Caprifoliaceae 2-2, Caryophyl- 
laceae* 4-3, Celastraceae 1-1, Chenopodiaceae* 9-5, 
Compositae* 49-33, Crassulaceae 2-2, Cruciferae* 
29-17, Cucurbitaceae* 5-3, Dipsacaceae 1-1, Euphor- 
biaceae* 5-4, Geraniaceae* 4-2, Gesneriaceae 1-1, 
Gramineae* 7-6, Iridaceae 4-4, Labiatae 3-3, Laura- 
ceae 1-1, Leguminoseae* 14-12, Liliaceae* 10-8, 
Toganiaceae 1-1, Lythraceae 1-1, Malvaceae* 13-8, 
Magnoliaceae 1-1, Marsileaceae 2-1, Myrtaceae 3-3, 
Nyctaginaceae* 1-1, Oleaceae 2-2, Onagraceae 5-2, 
Orobanchaceae 1-1, Oxalidaceae 3-1, Papaveraceae 1-1, 
Pedaliaceae 1-1, Piparaceae 1-1, Pittosporaceae 3-1, 
Plantaginaceae 1-1, Polemoniaceae 1-1, Polygonaceae* 
5-3, Portulacaceae 1-1, Primulaceae* 1-1, Ranun- 
culaceae 5-3, Rosaceae* 33-11, Rubiaceae 1-1, Rutaceae 
3-1, Salicaceae 1-1, Sapindaceae 1-1, Sarifragaceae 
4-4, Scrophulariaceae* 11-10, Solanaceae* 21-9, 
Thymelaeceae 1-1, Tropaeolaceae 1-1, Typhaceae 1-1, 
Umbelliferae* 7-5, Urticaceae 4-3, Valerianaceae 3-2, 
Verbenaceae* 3-2, Violaceae* 3-2. 

Pemphigus balsamiferae Williams. Winter hosts: 
Populus angustifolia*, P. balsamifera, P.  taca- 
mahaca*. Summer hosts: Beta vulgaris*, Cheno- 
podium alba*, Achillea sp.*, Agropyron sp.*, Aster 
multiflorus*, Cyloloma  atriplicifolium*, Lactuca 
sativa*, Poinsettia sp.*, Polygonum  aviculare*, 
Solidago sp.* 

Pterocomma smithiea (Monell). Populus alba, P. 
deltoides, P. grandidentata, P. occidentalis, P. sar- 
genti*, Populus sp.*, Salix alba, 8. fragilis, S. nigra, 
Saliz sp.* Summer hosts: Same as winter hosts. 

Rhopalosiphum fitchii Sanderson. Winter hosts: 
Crataegus crusgalli, C. cuneata, Crataegus sp.*, 
Cydonia vulgaris, Cydonia sp.*, Malus floribunda, 
M. pumila, M. sieboldi, Malus sp.*, Prunus avium, 
P. communis, P. japonica, P. mume, P. persica, P. 
serrulata, Pyrus communis, P. sinensis. Summer 
hosts: Agrotis alba, Andropogon sorghum, Avena 
sativa*, Allium sp., Carex sp., Dactylis glomerata, 
Eleusine coracana, Helianthus annuus, Hordeum 
vulgare, Oryza sativa, Panicum crusgalli, P. milia- 
ceum, P. sanguinale, Phleum pratense, Poa pratensis, 
Secale cereale, Setaria italica, S. viridis, Triticum 
aestivum, T. vulgare*, Zea mays. 

Rhopalosiphum maidis (Fitch). Only genera of 
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host plants are here recorded. Figure following 
generic name indicates the number of species known 
to be hosts, where more than one species has been 
recorded. Winter hosts: No woody winter hosts re- 
corded. Summer hosts: Andropogon, Arundo, Avena*, 
Ambrosia, Axonopus, Brasenia, Carex*, Cynodon, 
Cyperus, Dactyloctenium, Digitaria (5), Echinochloa* 
(2), Eleusine (2), Eragrostis, Eriochloe (2), Holcus, 
Hordeum* (2), Leptochloa, Miscanthus, Muhlen- 
bergia, Nymphaea, Oxalis, Panicum* (8), Paspalum 
(4), Pennisetum, Phragmites, Plantago, Poa, Poly- 
gonum, Polytrias, Rottboellia (2), Saccharum (2), 
Scirpus, Secale, Setaria* (5), Solanum, Sorghum* 
(3), Sporobolus, Tripsacum, Triticum*, Typha, Zea* 
(2). 


SumMARY.—During a study of the pos- 
sible relationship of aphids to the spread 
of stone fruit virus, sticky board traps 
were operated during two fall seasons to 
study the migration from summer to 
winter hosts. Forty-four species were 
taken on traps in peach trees. Fall mi- 
grants of certain species were taken from 
early in September through the period 
of December 9 to 18. Viviparae began to 
move from the summer hosts several days 
earlier than did the male migrants. Vivip- 
arae outnumbered males about 6 to 1. 
Only the green peach aphid, Myzus 
persicae (Sulzer), successfully colonized 
and produced eggs on the peach. Feeding 
by other species on stone fruits was indi- 
cated by (1) the presence of numerous 
colonies of immature egg layers of Am- 
phorophora sonchi (Oestlund) on the peach, 
(2) the taking of apterous egg layers 
of Hyalopterus arundinis (Fab.) and 
Rhopalosiphum prunifoliae (Fitch) on 
peach, (3) and the taking of apterous 
viviparae of five other species on other 
stone fruits. Egg layers of the green peach 
aphid must have green foliage upon which 
to feed to reach maturity. Early leaf-fall 
is an important limiting factor in the pro- 
duction of overwintering eggs. Summer 
and winter host plant records are given 
for 13 species taken the most frequently 
on traps. 
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Effectiveness Against Mosquitoes of General-Purpose 
Repellent Mixtures for Application to Clothing” 


Carrow N. Situ and I. H. Gitpert,’ U.S.D.A., Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine 


Laboratory and field experiments were 
continued during 1951 and 1952 at the 
Orlando, Fla., laboratory of the Bureau 
of Entomology and Plant Quarantine to 
develop an improved treatment for cloth- 
ing to protect military personnel against 
mosquitoes, fleas, tic ks, and mites. Pre- 
vious experiments (Smith & Cole 1951, 
and unpublished data) demonstrated that 
a mixture containing equal parts of three 
repellents—benzyl benzoate, N-butylace- 


of their outstanding effectiveness against 
one or more species were as follows: N- 
Isopropylacetanilide, N-propylacetanil- 
ide, and dibutyl adipate against ticks; 
N-butyl-4-cyclohexene-1, 2-dicarboximide 
against mosquitoes; hendecenoic (undec- 
ylenic) acid against mosquitoes and fleas 
and lindane against chiggers and lice. 
Cotton stockings were impregnated with 
the mixtures at dosages of 3.3 to 3.6 
grams per square foot. 


Table 1.—Percentage composition of repellent mixtures. (All mixtures contained 10 per cent of 


Tween 80.) 








N-Burty.- 


HENpDEc- 


4-CYCLO- 
HEXENE-I, 

2-DICAR- 

BOXIMIDE 


2-ButyL- 

2-ETHYL- 
1,3-PRO- 

PANEDIOL 


N-Isopro- 
PYLACE- 
TANILIDE 


N-Propyt- 
ACETAN- 
ILIDE 


ENOIC 
(UNDEcY- 
LENIC) ACID 


N-Butyt- 
ACETAN- 
ILIDE 


DisutyL 
ADIPATE 


BENzYL 
BENZOATE 


MIXTURE 


_No. M- LINDANE 


1960 30 30 30 -= 
2006 30 - 30 a 
2033 30 - 30 -- 
2034 30 -- 30 30 
2035 30 - 30 - 
2036 30 é - 30 
2037 30 — 
2038 - : 30 30 
2039 — § 30 -— 
2040 - 

2041 18 18 18 
2059 29.7 29.7 29. — 
2060 g - 30 —- 
2061 - § 30 — 
2065 _- - — 29 
2066 - 29. 


= 30 - nen 


30 


30 
30 
18 


29 
29.7 





tanilide, and 2-butyl-2-ethyl-1,3-propane- 
diol—known as M-1960, was satisfactory 
for this purpose. At the present time no 
recommendations are made for the civilian 
use of M-1960, owing to insufficient 
toxicological data to clear the mixture for 
unrestricted and unsupervised use. The 
present study consists of tests with new 
mixtures against three species of mos- 
quitoes in an effort to develop a mixture 
of greater general effec ‘tiveness. Tests 
against fleas, ticks, and mites are in prog- 
ress. 

MarerRIALS AND Meruops.—Fifteen 
modifications of the standard clothing 
repellent mixture, M-1960, were made by 
replacing one or more of its ingredients 
with other compounds in an effort to in- 
crease its effectiveness against one or 
more species without reducing its effec- 
tiveness against others. The composition 
of the mixtures is given in table 1. Mate- 
rials included in the new mixtures because 


Tests of the treated stockings were 
conducted in the laboratory against 
Aédes aegypti (L.) and Anopheles quadri- 
maculatus Say, and in the field against 
salt-marsh mosquitoes, principally Aédes 
taeniorhynchus (Wied.). The tests against 
quadrimaculatus and taeniorhynchus were 
made after the stockings had been worn 
by laboratory personnel. The stockings 
were tested after each 8-hour period of 
wear. Tests against aegypti were made 
after various periods of aging during 
which the stockings were hung on lines 
in the laboratory. 

In the laboratory tests the stockings 
were exposed on the arm of a subject for 


1 Presented at the meeting of the American Association of 
Economic Entomologists at Philadelphia, Pa., December 15-18, 
1952. 

2 This work was conducted under funds allotted by the Depart- 
ment of the Army to the Bureau of Entomology and Plant 
Quarantine. 

’ The authors acknowledge the assistance of W. V. King and 
W. C. McDuffie in the general planning of the experiments, and 
of M. M. Cole, Sims R. Pratt, Nelson Smith, and other members 
of the staff in the testing. 
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Table 2.—Effectiveness of 11 repellent mix- 
tures as clothing treatments against Aédes 
aegypti through 19 days of aging, May 1951. 








Bites PER STOCKING IN 8 TESTS 
MIXTURE = (ti Th PA 
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1 minute in a cage of 1,000 to 2,000 
mosquitoes 4 to 6 days old. The same 
subject tested each of the stockings in 
succession to reduce the influence of host 
attractiveness in comparisons between 
different treatments. Tests with any stock- 
ings were discontinued when 10 or more 
bites were received in 1 minute. 

In the field tests the stockings were 
exposed on the legs of subjects to natural 
infestations of mosquitoes showing a 
biting rate of 25 or more per minute on 
an untreated stocking. Each stocking 
was exposed for 5 minutes on each of 
three subjects to reduce the effect of differ- 
ences in host attractiveness. Tests with 
any stocking were discontinued when at 
least two subjects received bites and the 
total number of bites for the three 5- 
minute exposures was 15 or more. 

Tests Acarnst Aédes aegypti.—Prelim- 
inary tests against A. aegypti with 11 
mixtures were conducted in May 1951. 
Four stockings were treated with each 
mixture, and the entire group was tested 
every second or third day. Eight tests 
were made with each stocking between the 
third and nineteenth days after treat- 
ment, after which the test was terminated. 
The relative effectiveness of a mixture 
was based on the total number of bites 
through each stocking. The results are 
presented in table 2. 

Six of the mixtures were much more 
effective than M-1960, one was slightly 
better, and three were approximately 
equal. In all the best mixtures another 
material was substituted for N-butyl- 
acetanilide or benzyl benzoate. In M-2040 
two outstanding mosquito repellents re- 
placed 2-butyl-2-ethyl-1,3-propanediol 
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and benzyl benzoate. Thus each of the 
six best mixtures, except M-2006, con- 
tained 54 to 60 per cent of compounds 
that are outstanding mosquito repel- 
lents, whereas M-1960 contains only 30 
per cent of one such compound, 2-butyl-2- 
ethyl-1,3-propanediol. The favorable re- 
sults with M-2006, which contained 
N-propylacetanilide, were somewhat un- 
expected, since in previous tests this com- 
pound alone was not appreciably better 
than N-butylacetanilide. 

Later in 1951 additional tests were con- 
ducted with stockings treated with the 
same mixtures after various periods of 
aging. Four stockings were treated with 
each mixture and tested 3 to 5 times a 
week until 10 or more bites were received 
in a single exposure. The results are pre- 
sented in table 3. 


Table 3.—Duration of effectiveness of 11 re- 
pellent mixtures as clothing treatments against 
Aédes aegypti, 1951. 








Days ErrecTIvE 


MIXTURE 
No. M- 
2035 
2037 
2041 
2040 
2039 
1960 
2034 
2006 
2033 
2038 
2036 


Average 


Range 
37-39 37 
30-38 35. 
34-36 35. 
28-38 34 
28-36 33 
23-28 25 
23-29 25 
23-23 23. 
20-24 21 
20-23 21 
21-21 21 


SDOMDSSKHBUWAD 





Five mixtures—M-2035, M-2037, M- 
2039, M-2040, and M-2041—were more 
effective than M-1960. All except M-2041 
contained 30 per cent of undecylenic 
acid. Stockings treated with these mix- 
tures were effective 8 to 12 days longer 
than those treated with M-1960, and the 
minimum records with them equaled or 
exceeded the maximum with M-1960. 
Mixtures M-2035 and M-2041 gave 100 
per cent protection for 3 weeks, as did 
M-2006, but all stockings treated with the 
last mixture failed after 23 days, whereas 
those treated with M-1960 were effective 
for 23 to 28 days. Mixture M-2034 was 
equal to M-1960, and both were slightly 
more effective than M-2033, M-2036, and 
M-2038. 

Some of the mixtures that were better 
than M-1960 in these tests were less effec- 





August 1953 


tive in tests against other species of 
arthropods. In general M-2040 was more 
satisfactory than the other mixtures, 
but against some species mixtures con- 
taining N-propylacetanilide were best, 
and against others lindane and dibutyl 
adipate were highly effective. Therefore 
in 1952 a series of tests was conducted 
with five new mixtures in which these 
compounds were substituted for others in 
the M-2040 and M-1960 formulas. The 
tests were conducted in the same manner 
as those in 1951. The results are given in 
table 4. 


Table 4.—Duration of effectiveness of seven 
repellent mixtures as clothing treatments against 
Aédes aegypti, 1952. 








Days ErrectIvE 


Range 


44-++--44 + 
2065 20-44 + 
2040 10-20 
1960 3-3 
2059 2-3 
2061 0-2 
2060 0-0 


MIXTURE 
No. M- 


Average 








2066 





The mosquitoes used for the tests in 
1952 were unusually avid. M-1960 was 
effective for only 3 days, and M-2040 for 
10 to 20 days, whereas the new mixtures 
containing N-propylacetanilide and lin- 
dane remained effective more than 30 
days. 

Tests Acarnst Satt-Marsu Mosaqut- 
ToEsS.—In the late summer and fall of 
1951 and 1952 the new mixtures were 
compared with M-1960 in the field against 
salt-marsh mosquitoes. Three or four 
stockings treated with each material were 
tested concurrently until on an average 
five bites were received on three hosts. 
Each stocking was worn 8 hours before 
each test, and the effectiveness was based 
on the hours of wear withstood. Results 
of the tests are presented in table 5. 

In the 1951 series M-2040 was slightly 
superior to M-1960 in resistance to the 
first and fifth bite, and M-2034 and M- 
2038 were superior with reference to the 
first bite only. These three mixtures con- 
tained N-butyl-4-cyclohexene-1,2-dicar- 
hoximide and either 2-butyl-2-ethyl-1,3- 
propanediol or undecylenic acid. 

Mixtures M-2006 and M-2033 were 
equal to M-1960 with respect to the first 
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Table 5.—Duration of effectiveness of 16 re- 
pellent mixtures as clothing treatments against 
salt-marsh mosquitoes. Three or four replica- 
tions except where otherwise indicated. 








Hours or Wear WitHstToop 





Range 
MxroR 
1 Bite 5 Bites 1 Bite 5 Bites 


Average 


No. M- 





Tests in 1951 
24-40 56-64 32 60 
0-48 48-64 28 56 
24-56 48-56 42 54 
32-48 48-64 40 54 
0-48 48-64 20 54 
0-32 48-64 16 54 
24-32 48-56 28 52 
24-32 32-64 28 50 
8-32 40-56 18 50 
8-32 32-48 16 38 
0-32 8-56 18 36 
Tests in 1952 
8-48 3 30 
23-32 11 Q7 
16-48 0 27 
16-32 13 24 
2040 0-8 16-24 3 21 
2060 0-0 0-0 0 0 
2061 0-0 0-0 0 0 


2040 
1960 
2038 
2034 
2035 
2041 
2033 
2006 
2039 
2036 
2037 


1960! 0-8 
2065 8-16 
2059? 0-0 
2066 0-24 





1 Nine replications, 
2 Six replications. 


bite, and only slightly inferior to five 
bites. These substituted N-propylacetan- 
ilide and N-isopropylacetanilide for N- 
butylacetanilide, The other five mixtures 
were decidedly less resistant than M-1960 
to the first bite, and two, M-2036 and M- 
2037, were also decidedly less resistant 
to five bites. In the last two mixtures 
another compound was substituted for 2- 
butyl-2-ethyl-1,3-propanediol. 

In the 1952 series the mixtures con- 
taining N-propylacetanilide and lindane, 
M-2065 and M-2066, were more resistant 
than M-1960 to the first bite, but slightly 
less resistant to the fifth bite. The other 
mixtures were less effective than M-1960 
in one or both respects. 

Tests Acarnst Anopheles quadrimacu- 
latus—During the spring of 1952 several 
mixtures were compared with M-1960 
against Anopheles quadrimaculatus in the 
laboratory. Three stockings treated with 
each material were tested concurrently 
until more than 10 bites were received in 
a 2-minute exposure. Each stocking was 
worn 8 hours before each test and effec- 
tiveness was based on the hours of wear 
withstood. Results of the tests are pre- 
sented in table 6. 
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Table 6.—Duration of effectiveness of 11 re- 
pellent mixtures as clothing treatments against 
Anopheles quadrimaculatus, 1952. 








Hours or Wear WitTHsToop 


MIXTURE ———_—_—___— ne 
No. M- Range Average 
1960 16-24 21.3 
2006 16-24 21.3 
2033 16-24 21.3 
2037 8-24 16.0 
2038 0-24 13.3 
2040 8-16 13.8 
2041 0-24 13.3 
2035 0-16 10.7 
2036 0-16 10.7 
2039 8-16 10.7 
2034 0-8 5.83 





Only two of the new mixtures, M-2006 
and M-2033, were equal to M-1960 in 
effectiveness. They contained N-propy]- 
acetanilide or N-isopropylacetanilide in- 
stead of N-butylacetanilide. 








Vol. 46, No. 4 


SumMaAry.—Fifteen modifications of 
the standard clothing repellent mixture, 
M-1960, which contains benzyl benzoate, 
N-butylacetanilide, and 2-butyl-2-ethyl- 
1,3-propanediol, made by replacing one 
or more of its ingredients with other com- 
pounds, were tested against three species 
of mosquitoes in 1951 and 1952. All mix- 
tures that contained undecylenic (hendec- 
enoic) acid and some that contained 
N-butyl-4-cyclohexene-1,2 -dicarboximide 
were more effective than the standard 
against Aédes aegypti (L.), but all were 
less effective against Anopheles quadri- 
maculatus Say. Some without 2-butyl-2- 
ethyl-1,3-propanediol were less effective 
than the standard against salt-marsh 
mosquitoes. Replacement of N-buty]- 
acetanilide with N-propylacetanilide or 
N-isopropylacetanilide caused no consis- 
tent changes in effectiveness. 
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There have been many conflicting re- 
ports about the field compatibility of 
sulfur-containing Aramite® preparations, 
both with dust and wettable powder for- 
mulations and with Aramite preceding or 
following sulfur applications. No reports 
of supposed incompatibility have been 
published, but numerous observations of 
compatibility may be found in the avail- 
able literature. The present investigation 
was undertaken to resolve this problem on 
cotton, Lima bean, and lemon foliage by 
evaluating the persistence of Aramite 
residues, including both dusts and wet- 
table powders, with and without sulfur. 
MATERIALS AND Metruops.—Four for- 
mulations were evaluated: Aramite 3 per 
cent dust (with and without sulfur) on 

Par Paper. 

1 Paper No. 764, University of California Citrus Experiment 
Station, Riverside, California. 

? Grateful acknowledgment is made to Mr. James H. Barkley 
of these laboratories, and to Mr. Paul R. Wood of the Nauga- 
tuck Chemical Division of the U. S. Rubber Company, for per- 
forming the analytical determinations. 


8 Product containing 2-(p-tert.-butylphenoxy) isopropyl-2- 
chloroethy] sulfite. 


Field Compatibility of Aramite and Sulfur in California! 


F. A. Guntuer, H. T. Reynoups, and L. R. Jeppson,? University of California Citrus Experiment 
Station, Riverside, California 









cotton and bean plants, and Aramite 15 
per cent wettable powder (with and with- 
out sulfur) on lemon trees. These formula- 
tions were prepared in the usual manner in 
commercial-type equipment. 

The cotton test was conducted on 
Alcala 442 variety cotton in the Coachella 
Valley of southern California. Dust appli- 
vations were made on cotton about 3 feet 
tall by a small row-crop power duster 
operated with two nozzles per cotton 
row. A single application was made on 
August 26, 1952, to plots four rows wide 
and 100 feet long. Each treatment was 
replicated four times. In this test 3 per 
cent Aramite dust was applied at the 
rate of 31 pounds per acre, and 3 per cent 
Aramite plus 55 per cent sulfur dust was 
applied at the rate of 25 pounds per acre. 
Maximum temperatures during the period 
of this test ranged from 97° to 116° F., 
and the average maximum was 111° F. 
Minimum temperatures ranged from 65° 
to 88° F., and the average minimum was 
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80° F. Leaf samples were collected imme- 
diately after treatment and at intervals of 
1, 4, 7, and 16 days thereafter. Samples 
of mature leaves were taken from the 
upper third of the plant and from the 
same inside row on each sampling date. 
One leaf was taken from the northern 
and one from the southern exposure of 
each plant selected. Forty leaves were 
collected from each replicate for a total of 
160 leaves per treatment. 

The test on Fordhook Lima beans was 
conducted on University of California 
property at Riverside. Dust applications 
were made on nearly mature beans by a 
rotary hand duster operated with two 
nozzles per bean row. A single applica- 
tion was made on September 11 to plots 
three rows wide and 40 feet long. Each 
treatment was replicated three times. In 
this test 3 per cent Aramite dust was 
applied at the rate of 36 pounds per acre, 
and 3 per cent Aramite plus 55 per cent 
sulfur was applied at the rate of 30 pounds 
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per acre. In addition, on a third set of 
plots, 3 per cent Aramite dust was 
applied at a rate of 36 pounds per acre 
over a fresh application of 98 per cent 
sulfur, which had been used at the rate of 
45 pounds per acre. Maximum tempera- 
tures during the period of this test ranged 
from 78° to 105° F., and the average 
maximum was 96° F. Minimum tempera- 
tures ranged from 45° to 58° F., and the 
average minimum was 52° F. Samples of 
mature leaves were collected immediately 
after treatments and at intervals of 1, 3, 
and 6 days thereafter. These samples, con- 
sisting of entire trifoliate leaves, were 
taken from the center row, only, of each 
plot. Thirty-leaf samples were collected 
from each replicate for a total of 90 leaves 
per treatment. 

On mature lemon trees, the 15 per cent 
Aramite wettable powder formulation ap- 
plied at the rate of 2 pounds per 100 gal- 
lons of aqueous spray was compared with 
a similar application of 15 per cent 


Table 1.—Ranges and averages of persisting Aramite residues as micrograms of Aramite per square 


centimeter of foliage. 








Formulation 
0 
1.62-2.55 
Av. 2.00 
0.39-0.91 
0.60 
0.00 


Aramite 3% dust 
Aramite 3% dust containing 


55% sulfur Av. 
Check plot (Av.) 


On Corton FouraGe (4 Fretp Repuicates) 


0.56-0.85 
Av. 
0.35-0.71 
Av. 


Days After Application 





4 7 





0.15-0.64 0.03-0.05 
0.72 Av. 0.43 Av. 0.04 
0.04—0 .09 0.02-0.05 
Av. 0.07 Av. 0.03 

0.00 0.00 


0.50 
0.00 





Formulation 


Aramite 3% dust .52-1.01 


.69 Av. 
0.57-0.83 


Aramite 3% dust containing , .23 
55% sulfur f 
Aramite 3% dust applied over 0.35-1.43 
previously applied sulfur Av. 0.73 
Check plot (Av.) 0.00 


0.68-0 .97 


15 Av. 
0.62-1.07 
Av. 


On Lemon FouraGe (3 Fretp RepwicateEs) 


Own Lima Bean Foutace (3 Fretp Rep.icates) 


Days After Application 





2 6 

0.19-0.27 
Av. 0.23 
0.19-0.41 
0.68 Av. 0.29 
0.13-0.35 
0.75 Av. 0.28 
0.00 0.00 


0.05-0.13 
Av. 0.08 
0 .06-0 .27 
Av. 0.15 
0.11-0.32 
Av. 0.18 


0.82 


Days After Application 








Formulation 
0 


3 7 





2.73-3 .93 
Av. 3.32 
0.76-2.11 
Av. 1.64 

0.00 


Aramite 15% WP (spray) 


Aramite 15% WP containing 
50% sulfur (spray) 
Check plot (Av.) 


2.35-3.61 
Av. 3.09 
1.52-1.73 
Av. 


1.97-2.76 0.67-1.24 
Av. 2.33 Av. 0.94 
0.70-1.06 0.24-0.30 
Av. 0.85 Av. 0.28 

0.00 0.00 


1.30-2.46 
Av. 2.04 
0.93-2 .00 
Av. 1.37 

0.00 


1.66 
0.00 
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Aramite plus 50 per cent sulfur. Approxi- 
mately 1,000 gallons of final spray were 
required per acre for the 90 trees involved. 
Each treatment was replicated three 
times. Applications were made as con- 
ventional sprays, using a high-pressure 
reciprocating pump and manually oper- 
ated spray guns. Maximum temperatures 
during the period of this test ranged from 
77° to 99° F., and the average maximum 
was 88° F. Minimum temperatures ranged 
from 44° to 60° F., and the average mini- 
mum was 50° F. Leaf samples were clipped 
and permitted to drop into widemouthed 
fruit jars without handling the leaf 
blades. Twenty mature leaves (5 per 
quadrant) were taken from each of six 
sample trees per plot, and the resulting 
120 leaves were processed as a unit, with 
a total of 360 leaves per treatment. 
Samples were collected as soon as the 
spray application was dry and at inter- 
vals of 1, 3, 7, and 17 days thereafter. 

All leaf samples were weighed, stripped, 
then measured photoelectrically (Gunther 
1948) for surface areas on the day the 
samples were collected. Technical grade 
benzene was used as the stripping solvent, 
at the rate of 200 ml. for each cotton 
sample and 400 ml. for each bean and 
lemon sample; stripping time was 30 
minutes, in standard equipment (Gunther 
& Blinn 1950). After being filtered through 
Sharkskin filter paper, the leaf extracts 
were evaporatively concentrated and 
analyzed for Aramite content in a four- 
unit apparatus, according to the colori- 
metric procedure of Gunther e¢ al. (1951). 

It is important to note that the 
diethylene glycol involved in this proce- 
dure must be redistilled and fractionated 
at atmospheric pressure, not under re- 
duced pressure. 

Resvuits.—Ranges and average values 
of persisting Aramite residues found on 
the three types of foliage at intervals 
after application are shown in table 1. 
When these data are plotted as log residue 
value versus time interval, the straight 
lines typical of first-order reactions are 
obtained. The rate of disappearance (loss 
of identity to the colorimetric method 
utilized) of the Aramite in all the formula- 
tions utilized, and on the three types of 
foliage, is directly proportional to the 
concentration of the Aramite in each situ- 
ation; thus, it takes twice as long for 
three-fourths of the Aramite to disappear 
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Table 2.—Half-life values for residues of 
Aramite alone and in the presence of sulfur on 
cotton, Lima bean, and lemon foliage (obtained 
graphically). 











RESIDUE 
Haur-Lire 
Fo.iaGe MATERIAL (Days) 
Cotton Aramite 1.3 
Aramite+S 1.8 
Lima bean Aramite 2.2 
Aramite+S 1.8 
Aramite over S 2.5 
Lemon Aramite 9.2 
Aramite+S 6.3 





as it takes for half of it to disappear. 
Discussion.—From these data and 
from their first-order relationships it is 
clear that sulfur causes no acceleration in 
the rate of disappearance of Aramite. 
Half-life values (time required for given 
deposit values to decrease by one half) 
for these persisting Aramite residues are 
shown in table 2. These values may be 
obtained from the aforementioned graphi- 
cal representations or from the equation 
a ' — 
k=——— log——, where a is the initial 
t a-z 
concentration, 2 is the amount reacting 
in time t, a—z is the concentration re- 
maining after time ¢, and k is the specific 
reaction rate constant. The rate of dis- 
appearance or loss for an organic insecti- 
cide residue may conveniently be ex- 
pressed or described by means of this 
half-life (Gunther, manuscript in prepa- 
ration). It has been well established that 
the uncomplicated persistence curves for 
deposits of the solid organic insecticides 
represent first-order reactions (cf. Decker 
et al. 1952). Because this loss is exponen- 
tial in nature, the half-life has a definite 
value irrespective of the amount of ma- 
terial originally deposited. Presumably, 
the half-life represents a characteristic 
property of each insecticide on a given 
substrate, and therefore affords an ex- 
cellent means of isolating the effects of 
accessory substances upon the persistence 
of that insecticide. Thus, the half-life 
values in table 2 clearly demonstrate that 
sulfur does not affect the longevity of 
Aramite residues under field conditions. 
An outstanding feature of this table is 
the length of the half-life of Aramite on 
lemon foliage as contrasted with that on 
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cotton or bean foliage. This longer half- 
life may be attributed to one or more of 
several imponderables. For example, the 
lemon grove used in this test was located 
in the coastal area, where lower tempera- 
tures and higher humidities prevailed; 
also, it is generally recognized that spray 
deposits are less subject to mechanical 
losses than are most dust deposits. How- 
ever, long residue persistence with other 
insecticides and acaricides has been noted 
previously on citrus; this is believed to 
be the result of rapid solution of the ma- 
terial into the thick layer of surface 
waxes characteristic of citrus fruit and 
foliage, with a resultant decrease in rate 
of residue loss after the first few hours. 
The initial deposit of Aramite on cotton 
foliage from an application of Aramite- 
sulfur dust was considerably smaller than 
that obtained from a dust application of 
Aramite alone. Similar results were ob- 
tained with wettable powder sprays on 
lemon foliage. It is believed that this was 
the result of poor Aramite-sulfur formula- 
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tions, and may indicate an inherent diffi- 
culty in combining these materials. These 
limited studies do not establish the real 
nature of this problem, but formulators 
of Aramite-sulfur mixtures should be 
aware of this possibility. 

SumMArRY.—Studies of the quantitative 
persistence of Aramite and of Aramite- 
sulfur residues on cotton, Lima bean, 
and lemon foliage demonstrate the field 
compatibility of Aramite and sulfur. The 
presence of sulfur in the formulations 
apparently does not affect the half-life 
values (time required for given deposit 
values to decrease by one half) of the re- 
sulting residues. Aramite spray residues 
on lemon foliage persisted much longer 
than did dust residues on cotton and bean 
foliage. 

The concept of half-life values for evalu- 
ating persistence of insecticide residues is 
discussed. Half-life values are independent 
of initial deposit and therefore warrant 
consideration in comparative longevity 
studies such as the present one. 
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Maggots Attacking Michigan Onions’ 


Letanp G. Merritt, Jr. and Ray Hutson, 
Michigan Agricultural Experiment Station, 
East Lansing 


Maggots attacking onions greatly decrease yields 
of Michigan grown onions. Although damage is con- 
sistent neither from year to year nor from field to 
field, the over-all annual loss warrants serious study. 
Because previous unpublished Michigan work oc- 
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onions, a study of the flies involved was carried out 
from 1949 to 1952. The obviously different habits of 
various species could account for variations in de- 
gree of infestation and in the failure of control 
practices. 

Rearing adults from maggot-infested onions was 
the general method followed. In addition, supple- 
mentary collections were made by netting and 
trapping adults in onion fields. The data are the re- 
sults of more than 100 individual collections in nine 


Table 1.—Diptera associated with Michigan onion growing. 








LarvAE TAKEN IN GROWING ONIONS 


Muscidae 
Hylemya antiqua (Mg.)' 
Hylemya cilicrura (Rond.) 
Hylemya trichodactyla (Rond.) 
Muscina assimilis (Fall.)' 
Muscina stabulans (Fall.)! 
Fannia canicularis (L.)! 
Sphaeroceridae (Borboridae) 
Leptocera fontinalis (Fall.) 
Chloropidae 
Elachiptera costata (Lw.) 
Oscinella carbonaria (Lw.) 
Oscinella coxendix (Fitch) 
Drosophilidae 
Drosophila busckii Coq." 
Otitidae (Ortalidae) 
Chaetopsis fulvifrons (Macq.) 
Chaetopsis massyla (Wlk.) 
Euzesta notata (Wied.)! 
Tritoxa flera (Wied.)' 
Syrphidae 
Eumerus strigatus (Fall.)! 
Eumerus tuberculatus (Rond.)! 
Syritta pipiens (L.)* 
Scatopsidae 
Scatopse fuscipes (Mg.)! 
Fungivoridae (Mycetophilidae) 
Bradysia sp. 





LARVAE TAKEN IN CULL Pies ONLY 





Muscidae 

Fannia scalaris (Fall.) 

Hydrotaea houghi (Fall.) 
Drosophilidae 

Drosophila immigrans Sturt. 
Syrphidae 

Tropidia quadrata (Say) 
Stratiomyidae 

Actina viridis (Say) 


Stratiomys meigenii Wied. 
Scatopsidae 

Scatopse notata (L.) 
Fungivoridae 

Leia bivittata Say 

Leia oblectabilis (Lw.) 
Sylvicolidae (Anisopidae) 

Sylvicola alternata (Say) 





Aputts TRAPPED? AND NETTED 





Muscidae 
Graphomya maculata (Scop.) 
Helina rufitibia (Stein.) 
Helina troene (W1k.) 
Hylemya brassicae (Bouche) 
Iimnophora arcuata Stein. 
Phaonia sp. 
Scopeumatidae 
Scopeuma furcatum (Say) 
Larvaevoridae 
Tachinomyjia sp. 
Sarcophagidae 
Sarcophaga bullata Park 
Sarcophaga cimbicis Ins. 
Sarcophaga latisterna Park 
Sarcophaga lherminiert R.D. 
Sarcophaga ohioensis Hall 
Calliphoridae 
Bufolucilia silvarum (Mg.) 
Calliphora livida (Hall) 
Phormia regina (Mg.) 
Syrphidae 
Allograpta obliqua (Say) 
Metasyrphus wiedemanni (Johnson) 
Syrphus ribesii vittifrons Shannon 
Dolichopodidae 
Dolichopus finitus (W1k.) 
Bibionidae 
Bibio albipennis Say 





1 Larvae also collected in cull piles. 
*No larvae found. 


casionally noted dipterous species other than 
Hylemya antiqua, the onion maggot, infesting 


1 Sincere thanks are extended to Dr. C. F. W. Muesebeck of 
the Division of Insect Identification, U.S.D.A., Washington, 
D.C. without whose aid this problem could not have been under- 
taken. Special credit is due to C. W. Sabrosky, Alan Stone, 
W. W. Wirth, and R. H. Foote who determined the majority of 
specimens, ) 

Approved by the Director, as Journal] Article 1484, Michigan 
Agricultural Experiment Station. 
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counties, involving more than 5000 specimens. 

Resutts.—Table 1 indicates that 52 dipterous 
species were collected in onion fields or nearby cull 
piles. Of these 52 species 20 were taken from the 
growing onions. Of these 20 species, only seven were 
important in damaging onion plantings as seen in 
table 2. 

Hylemya antiqua was the most numerous species. 
However, in May and June, nearly a fifth of the 
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Table 2.—Flies reared from maggots infesting 
onions in the field. 








Per Cent Eacu Species 








PER COLLECTION Per Cent 
——__—__—_—___—_—_—————— oF ALL 
May & INFESTA- 
SPEC.ts June July August TION 
Hylemya ant.qua 76.7 74.8 49.4 66.9 
Hylemya cilicrura 18.4 5.5 =~ 7.9 
Hylemya other — 0.1 -- 0.03 
poe sce 
Eumerus < tuberculatus } 0.1 4.7 $2.8 12.5 
_ (spp. J 
Muscina stabulans : 4.9 7.8 5.5 
Muscina assimilis 0.3 3.5 3.4 2.7 
Euzesta notata — 1.9 6.2 2.7 
Scatopse fuscipes — 2.0 _ 0.7 
Chaetopsis fulvifrons —- 0.6 ms 0.2 
Bradysia sp. — 0.6 — 0.2 
Chaetopsis massyla 0.2 0.3 0.2 
Drosophila busckii — — 0.4 0.1 
Elachiptera costata — 0.4 ~- 0.1 
Fannia canicularis -- 0.2 — 0.07 
Tritoza flexa — 0.2 — 0.07 
Oscinella coxendiz a= 0.1 = 0.03 
All others 0.1 0.3 0.2 0.1 
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lesser bulb fly infestation in July and August, the 
possibility of a combination onion thrips-lesser 
bulb fly-mildew control program suggests itself, 
in which application of chemicals would coincide 
with activity of the second brood fly activity, in the 
field. 

The false stable fly, Muscina stabulans and a 
closely related species M. assimilis were found to be 
active throughout the season. These maggots were 
found in increasing numbers during each year and 
were never found to be a primary invader. The 
larvae of both species have been regarded as filth 
infesting and Ristich (1950) regards M. assimilis lar- 
vae as carnivorous and M. stabulans larvae as semi- 
carnivorous. 

The very common otitid fly, Euxesta notata was 
taken in some numbers later in the season but was 
found to be a secondary invader and in relatively 
small numbers in growing onions. 


Table 3.—Flies reared from cull pile onions 
(New) (1949-1952). 








adults reared were H. cilicrura, the seed corn mag- 
got. In fields where both H. antiqua and H. cilicrura 
were present, H. cilicrura was in its greatest propor- 
tion on the earlier collection dates. Also, gravid 
H. cilicrura females were collected earlier in the 
season than were those of H. antiqua. In 1952 H. 
cilicrura was found on April 22 and H. antiqua 
on May 9. According to Ristich & Schwardt (1949) 
the seed corn maggot attacks germinating plants 
before emergence. The onion maggot’s habit is to 
deposit eggs on or near plants which have already 
emerged with the larger plants receiving more at- 
tention. If the seed corn maggot were the pre- 
dominant species in a field, as has been shown clearly 
to be the case (Merrill 1951) then spray or dust 
treatments to control the damage might better be 
applied soon after planting, rather than when the 
onion plants have completely emerged, or possibly 
a seed treatment would be indicated. After June few 
seed corn maggots were found although adults have 
been taken in the fields. 

During July and August, the lesser bulb flies, 
Eumerus strigatus and E. tuberculatus, widely known 
as general scavengers, occurred as maggots in onion 
bulbs. Studies of these two very similar species in- 
dicated that the spring generation of these flies 
begins to emerge in mid-May and that this genera- 
tion of flies does not lay eggs on the tiny seedling 
onions but is attracted to volunteer bulbs and cull 
piles. The second generation of these flies begins 
to emerge in late June and lays eggs on the growing 
onions which by this time have developed bulbs. 
Opinions vary (Doucette 1941; Seamans, 1930) as 
to whether these pests will attack sound growing 
plants and certainly most lesser bulb fly maggots 
came from fields having previous Hylemya antiqua 
and or H. cilicrura infestation. However, on one oc- 
casion, when the initial infestation occurred in July, 
E. tuberculatus was definitely the primary offender. 
The possibility does exist here that slight smutting 
of the onions by the organism Urocystis cepulae 
Frost, could have occurred although the onions col- 
lected were definitely not noticeably infested with 
smut. Lesser bulb fly larvae were found overwinter- 
ing abundantly in muck soil fields (at a depth of 1 to 
2 inches) following heavy maggot infestations. 

The control of lesser bulb fly usually depends 
upon good control of either or both Hylemya cili- 
crura and H. antiqua. If growers experience primary 


AVERAGE 
Per CENT PER 
COLLECTION 


SPECIES 








Hylemya antiqua 
Muscina assimilis 12.5 


Muscina stabulans 8.4 
Euzesta notata 7.2 
strigatus 
Eumerus 4 iuberculatus 7.0 
spp. 
Scatopse fuscipes 4.0 
Fannia canicularis 8.5 
Scatopse notata 2.6 
Sylvicola alternata 2.2 
Syritta pipiens 1.6 
Tritoxa flexa 1.5 
Stratiomys meigenii 1.4 
Drosophila busckii 1 P 
Bradysia sp. 1.0 
Leia bivittata 0.9 
Leia oblectabilis 0.8 
Actina viridis 0.6 
Hydrotaea houghi 0.4 


Drosophila immigrans 0.8 
Tropidia quadrata 0.2 
Fannia scalaris 0.1 
Fannia sp. 0.1 





Studies of cull piles revealed that the predominant 
species in new cull piles was Hylemya antiqua 
which, however, was taken only in new cull piles 
in the fall or early spring of the year following. The 
implication is that H. antiqua does not breed in old 
cull piles. As has already been reported, to reduce 
the number of this insect by destruction of infested 
cull onions, the onions should be disposed of prefer- 
ably at harvest or before the next spring. Maggots 
may emerge from the infested onions during the 
fall and pupate within the soil, hence destruction of 
culls after an appreciable time beyond harvest 
would not affect the soil-inhabiting pupae. 

After the first spring, old cull piles were not in- 
fested with onion maggot, but a great variety of 
scavengers, predators and incidental pests were 
found. The syrphid fly, Syritta pipiens was taken in 
great numbers. In a few of these older piles S. pipiens 
was the only larger fly species, the majority of the 
rest being small fungivorids, and drosophilids and 
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scatopsids. S. pipiens was not a major pest of grow- 
ing onions although it was taken from one heavily 
infested field in August. Since some of the secondary 
field pests such as Euzesta notata and the Eumerus 
species are fownd in cull piles, the destruction of 
culls would aid in the reduction of population of 
these insects. 

Summary anp Conciustons.—A study of mag- 
gots infesting Michigan grown onions revealed the 
following facts: : 

1. Fifty-two species of flies were taken in onion 
fields. Only 20 of these were taken as maggots in 
growing onions and of these 20 just six or seven were 
of any importance. The multiplicity of species pres- 
ent in a field may confuse growers unfamiliar with 
technical identification. 

2. Hylemya antiqua, the onion maggot caused 
most of the damage to Michigan grown onions. 

3. Hylemya cilicrura caused a significant part of 
all maggot damage to onions during May and June. 
The earlier collections had a higher proportion of 
H. cilicrura than later collections. The attack of 
germinating onions by this pest may alter the timing 
of recommended spray and dusting control measures. 

4. Maggots of lesser bulb flies, Eumerus strigatus 
and E. tuberculatus were collected in great numbers 
from growing onions in late July and August. Al- 
though these species are not usually primary in- 
vaders of healthy bulbs, at least one case of primary 
infestation of set onions was observed. 

5. Hylemya antiqua, although found in fresh cull 
piles, was not taken there after the emergence of the 
first generation of flies in the spring. This re-em- 
phasizes the necessity of immediate destruction of 
cull onions after harvest to prevent the development 
of maggots. 

6. The Diptera reared from old onion cull piles 
were scavenger or predator species. 
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Some Natural Enemies of Horse Flies 


in New York 


H. Tasvrro! and H. H. Scuwaropt, Cornell 
University, Ithaca, New York 


While studying the general biology of Tabanide in 
New York during the summer of 1949, four parasites 
of this family were recovered. Three were egg 
parasites—one from Chrysops eggs and two from 
Tabanus eggs. A single specimen of a larval parasite 
was reared to an adult. Logothetis (1947)? reported 


1 At present with the Bureau of Entomology and Plant Quar- 
antine, U.S. Department of Agriculture. ; 
2 The Biology of some Tabanidae of New York. Ph.D. Thesis, 


Cornel] University. 90 pp. 
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finding many parasitized Tabanus egg masses, and 
Telenomus tabanivorus (Ashm.) (Scelionidae) was 
one of the parasites. His is the first report of this 
species in New York. 

Chrysops Eaa Parasites.—Many Chrysops egg 
masses deposited on cattail (7'ypha) leaves bordering 
a small pond were found heavily parasitized. These 
egg masses were typical of most Chrysops in being 
single tiered. They were all identical in appearance 
and presumably eggs of the same species. Many 
parasites were reared to adults by taking a small 
section of the leaf bearing an egg mass to the labora- 
tory and keeping it in a shell vial until emergence. 
The parasites were all determined as T'richogramma 
semblidis (Aur.) (Trichogrammatidae) by A. B. 
Gahan of the U. S. National Museum. 

Eggs which had been parasitized could be deter- 
mined by the appearance of the empty chorion. 
Generally, they were along the periphery of an egg 
mass. An egg from which a parasite emerged re- 
mained black and opaque and had a circular emerg- 
ence hole in the outer exposed surface. Only one 
parasite developed and emerged from each egg. An 
egg from which a Chrysops larva hatched became 
translucent and larval emergence was through a 
longitudinal slit in the chorion. 

To determine the degree of parasitism by this 
parasite, all the egg masses which could be found at 
this pond were collected throughout the summer and 
examined. Seventy-three egg masses were collected 
and 57 were parasitized with a majority of the eggs 





Fig. 1.—Egg mass of Tabanus atratus (a) before 

emergence of parasites or hatching of tabanid larvae 

and (b) after emergence and hatching. Ithaca, N. Y. 
1949. 




















Fie. 2.—Telenomus tabanivorus adults and single 
Tabanus atratus egg. A single male parasite in upper 
center and distinguished from females by shorter 
abdomen and lack of ovipositor. Ithaca, N. Y. 1949, 
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destroyed. Only 16 masses were entirely free from 
parasitism. 

Tabanus Eaa Parasirrs.—Two species of egg 
parasites were recovered from this genus. An egg 
mass of Tabanus lasiophthalmus Macquart which 
was collected at the Allegany State Park by L. L. 
Pechuman, and another egg mass of the same species 
collected near Ithaca were parasitized by Telenomus 
goniopis Cwfd. These were determined by C. F. W. 
Muesebeck of the U. S. National Museum. Schwardt 
(1936) reported this species as an egg parasite of 
Goniops chrysocoma Osten Sacken in Arkansas. 

Several egg masses of the black horsefly, Tabanus 
atratus Fabricius, collected on cattails at the edge of 
the same pond mentioned above were found para- 
sitized by Telenomus tabanivorus. These were also 
determined by C. F. W. Muesebeck. 

Five days after collecting one 7. atratus egg mass 
many larvae hatched from the eggs in the interior 
of the egg mass and escaped through an opening in 
the apex of the mass as shown in figure 1 (b). ‘The 
surface eggs still contained developing individuals 
which were definitely not tabanid larvae. Examina- 
tion the following day indicated that they were 
pupae of the parasites. All the parasites emerged on 
the sixth and seventh day following the hatching of 
the tabanid larvae. Each parasitized egg produced a 
single adult. In actual count this egg mass produced 
430 tabanid larvae and 371 adult parasites. Counting 
the dozen or more eggs destroyed in preliminary 
examinations this egg mass totaled more than 810 
eggs, which is the record number of eggs for a single 
mass. 

Three other egg masses of 7’. atratus from the same 
locality showed approximately the same degree of 
parasitism by the same parasite. Determination of 
the degree of parasitism was also possible in these 
eggs since the parasite emerged from a circular 
opening in the chorion whereas the tabanid larva 
emerged through a longitudinal slit. 

Tabanus Larva Parasite.—One of the Tabanus 
larvae being reared was found dead and showed a 
peculiar swelling in the thoracic region which 
appeared to be caused by a large brown puparium 
inside. The disintegration of the host cadaver re- 
vealed the suspected puparium and 17 days later 
a male tachinid emerged. It was determined by 
H. J. Reinhart of Texas A. and M. College as 
Vibrissotheresia pechumani n. sp. According to him, 
this is the second record of this species, the first being 
a male, the holotype collected by L. L. Pechuman 
at Brewster, New York.' The parasitized larva was 
collected from the muddy banks of a small creek 
near Ithaca in association with larvae of Chrysops 
wiedemanit Krober and Tabanus reinwardtii Wiede- 
mann, and was probably a larva of this latter species. 

SumMary.—Chrysops egg masses were found 
heavily parasitized by Trichogramma_ semblidis. 
Tabanus egg masses were found parasitized by two 
species; 7’. lasiopthalmus eggs by Telenomus goniopis 
and 7’. atratus eggs by Telenomus tabanivorus. An egg 
which has been parasitized by any of the three egg 
parasites could be distinguished from a parasite- 
free egg by the circular emergence hole made by the 
adult parasite or the longitudinal slit made by the 
hatching larva. One Tabanus larva was found 
parasitized by a tachinid, Vibrissotheresia pechu- 
mani. 
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Notes on the Biology of Tabanus 
giganteus 


H. Tasutro! and H. H. Scuwaropt,? Cornell 
University, Ithaca, New York 


While studying the biology of the major species 
of horseflies in Central New York during the sum- 
mers of 1948 and 1949, habits of T'abanus giganteus 
Degeer adults were noted and several individuals 
were reared from egg to adult. This is one of the 
largest of Nearctic tabanids surpassed in size only 
by Tabanus americanus Forster. Females of 7. 
giganteus measure 22 to 25 mm. in length and have a 
wing spread of 45 to 50 mm. They are uniformly 
dark brown in color with no marked sexual di- 
morphism other than the usual holoptic-dichoptic 
condition of the eyes. Practically nothing has been 
known about the biology of this species. 

During the 2 years of investigation, 13 females 
were collected and several others were observed. 
This seems to be even a later species than the 
autumn horsefly, Tabanus sulcifrons Macquart, 
since during both years they were taken after the 
latter had been on the wing for at least two weeks. 
They were seen throughout August and the first 
week in September. In contrast to 7. atratus Fabr. 
females, which fly around an animal for several 
minutes before alighting for a blood meal, this 
species flies directly to an animal, comes to rest, 
and immediately begins feeding. In this respect their 
habits are similar to those of 7’. sulcifrons. Only four 
were collected on an animal and in every incidence 
attacked the cow on her back. Other individvals 
were taken as they flew into a moving or standing 
vehicle during the day. Others flew into buildings 
through open windows. A single fly possibly at- 
tracted to lights flew into a room during the night. 
A few were seen during cool damp mornings, espe- 
cially during September, resting on the warm hood 
of a car. 

CHARACTERISTICS OF Eaa Mass.—One egg 
mass, which contained between 300 and 400 eggs, 
was obtained from an engorged female held in cap- 
tivity. It was three-tiered and in the shape charac- 
teristic of Tabanus egg masses, but was unusual in 
color, being bright orange-yellow. Each egg was 
yellow with an orange band about a third of the 
way from each end which gradually faded to yellow 
toward the middle of the egg. All other known 
tabanid eggs are uniformly cream, gray, brown, or 
black in color depending on the species. There is 
every reason to believe that the unusual color of the 
eggs is typical of this species. Egg masses of several 
species have been obtained both in the field and in 
the laboratory from captive flies. In all cases the ap- 
pearance of egg masses as well as individual eggs 
were identical for a particular species whether ob- 
tained in the field or in the laboratory. 

Cuaracreristics oF Larvan.—TVabanus gigan- 
teus larvae like T. sulcifrons are uniformly cream 
colored. They are so much alike in color and size 
that their separation is possible only by character- 
istics found on the anal segment and visible with 
slight magnification. In 7. giganteus larvae the 
posterior ring of the anal segment is not quite as 
dark nor as distinct as in 7. sulcifrons. The pubes- 
cent arc extending from the anus to the lateral 
area of the posterior ring as well as the three anterior 


1 At present with the Bureau of Entomology and Plant Quar- 
antine, U.S. Department of Agriculture. 

? Authors are grateful to Mr. Clement Dasch for his as- 
sistance in rearing work. 
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pani “ 
Fig. 1.—Lateral views of anal segment, larvae of 
Tabanus sulcifrons (A) and T. giganteus (B). 


dorso-lateral pubescent spots arranged in a triangle 
and present on 7’. sulcifrons larvae are not present 
on 7’. giganteus larvae. The tracheal trunk in the 
anal segment of 7’. giganteus larvae is not so distinct 
as in T’. sulcifrons. 

Full grown larvae vary in length from 16 to 30 
mm. with a mean of 20 mm. The length of living 
larvae is difficult to determine because of their 
telescoping habit. Preserved and fully relaxed speci- 
mens measure 45 to 50 mm. in length. 

Rearinc.—The only fly which was seen on an 
animal in 1948 was allowed to feed to repletion. She 
was captured on September 3 while feeding and de- 
posited her egg mass on September 10 on the under- 
side of the cheese-cloth cage. Hatching occurred 10 
and 11 days later. Larvae were kept in one-third 
pint jelly glasses containing saturated sand and fed 
small segments of earthworms. They became very 
cannabalistic after attaining a length of 3 to 4 mm. 
During the last week in October they ranged in 
length from 3 to 6 mm. and there was no indication 
that they would stop feeding. Many were separated 
one to a glass and placed in a cool cellar for hiberna- 
tion, and many of the smaller ones were placed in 
hibernation with three larvae per glass. In nearly 
all cases in which three were placed in a container 
together, only one was left when taken out of hi- 
bernation the following April. 

By the following fall larvae ranged in size from 10 
to 30 mm. Many went into hibernation the second 
winter as grown larvae. Of the 17 adults which 
emerged during the summer of 1950, only one in- 
dividual had a larval molt after the second winter’s 
hibernation. Adult emergence occurred during July- 
September 1950. Their individual rearing data are 
summarized in table 1. 

The larval period varied from 22 to 24 months and 
the pupal period varied from 16 to 24 days. Ten 
males and seven females emerged; earlier emergence 
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Table 1.—Life history data for Tabanus 
giganteus from egg mass deposited in laboratory. 
Eggs hatched September 20, 21, 1948. Ithaca, 
New York. 
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being predominantly males with females emerging 
later in the season. 

After the middle of September 1950, there re- 
mained 16 additional apparently normal larvae. 
All these individuals except one had from one to 
three larval molts during the second summer. The 
actual numbers of larval molts for this species 
varied from four to eight molts with five being the 
mode. 

With the rearing work on tabanids coming to a 
close during the fall of 1950, the remaining 16 
larvae were all preserved. Had they been allowed to 
continue some might have emerged as adults with a 
3-year cycle. Although it is unusual for tabanid 
larvae to hibernate more than two winters, Schwardt 
(1932) states that an occasional larva of Tabanus 
atratus may hibernate three winters before becoming 
an adult. 

SumMARY.—Limited observations were made on 
the horsefly, Tabanus giganteus Degeer during two 
successive seasons. Only 13 adults were collected 
but observations made on these and others not col- 
lected indicated rather definite adult habits. They 
attacked the backs of cattle, had an affinity towards 
entering vehicles or buildings, and were frequently 
seen alighting and resting on the warm hood of a 
car during cool damp mornings. From a single en- 
gorged female, a fertile egg mass was obtained. It 
was unusual in being orange-yellow in color. Each 
egg was yellow with two orange bands. The larvae 
are almost identical in color and size to larvae of 
T. sulcifrons but can be distinguished by pubescent 
markings on the anal segment. Seventeen individ- 
uals were reared to adults from these eggs and all 
had a two-year life cycle. The remaining 16 larvae, 
which might have emerged as adults on the third 
year had they been reared through, were preserved. 


LITERATURE CITED 
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Control of Corn Earworm and Rice 
Weevil in Dent Corn with DDT- 
Mineral Oil Emulsions 


W. A. Dovetas! and C. E. Smrru? 


The corn earworm, Heliothis armigera (Hbn.), and 
the rice weevil, Sitophilus oryza (L.), are considered 
the most important pests of corn in most, if not all, 
of the Gulf coast area. During 1952 an experiment 
was conducted on the Louisiana Agricultural Ex- 
periment Station Farm at Baton Rouge to deter- 


Table 1.—Control of corn earworm and rice 
weevil in dent corn with DDT-mineral oil emul- 
sions and effect of treatment on pollination. 








Ears 
Un- 
DAMAGED 
BY CorRN 
Ear- 
WORM 


Ears 
INcoM- 
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Po.ui- 
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Ears 
Nor In- 
FESTED 
BY RIcE 
WEEVIL 


Min- 
ERAL 
OL 


DDT 





Pounds Gallons Per Cent Per Cent Per Cent 


1.2 1 100 100 
1.6 98 100 

0.8 1 99 100 
1.6 99 99 

Check (untreated) 4 71 








mine whether these insects could be controlled in 
dent corn by applying emulsion sprays containing 
DDT and mineral oil. The experimental planting 
was located in the proximity of barns containing 
weevil infestations. The corn was allowed to remain 
in the field until November 14, fully a month later 
than the usual corn-harvesting date in this area, to 
give ample opportunity for weevil infestation to de- 
velop. Heavy earworm infestation was common to 
the area. 

The experimental plots were planted to Louisiana 
hybrid 521 on May 9, 1952. There were five treat- 
ments, with five replicates of each treatment ar- 
ranged in five randomized blocks. The corn was 
planted, fertilized, and cultivated in the usual man- 
ner. Beginning when 15 per cent of the silks had ap- 
peared, three applications of each of four emulsions 
were made on July 11, 14, and 17, with a com- 
pressed-air sprayer at a pressure of 40 pounds per 
square inch with a Tee Jet 650067 nozzle, at the rate 
of 20 gallons per acre. 

Four formulations were used—DDT at 1.2 and 
0.8 pound each with 1 and 1.6 gallons of oil in 20 
gallons of water containing 0.5 per cent of an emul- 
sifier. The mineral oil had a Saybolt viscosity of 
80-90 seconds of 100° F. 

Twenty-five ears of corn were harvested per 
replicate, or 125 ears per treatment, on November 
14. Each ear was examined for corn earworm 
damage, rice weevil infestation, and effect of the 
treatment on pollination. The results are sum- 
marized in table 1. 

All four emulsions gave almost perfect control of 
the corn earworm and almost complete prevention of 
rice weevil infestation. 


1 Entomologist, Bureau of Entomology and Plant Quaran- 
tine, Agricultural Research Administration, United States De- 
partment of Agriculture. , 

2 Entomologist, Louisiana Agricultural Experiment Station. 


SciENTIFIC NOTES 
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Fie. 1—Corn from plot treated with an emulsion 

containing 0.8 pound of DDT and 1 gallon of oil per 

acre, showing relatively no injury by corn earworm 
and rice weevil. 


Interference with pollination was slight and prob- 
ably could have been reduced, if not eliminated, by 
the use of smaller dosages. Previous spray tests with 
hand equipment have indicated that one-third of 
the amount of spray used in this experiment will 
give good control of the corn earworm. Therefore, 
this experiment may be considered a very severe 
test of the effect of DDT-oil emulsion sprays on 
pollination of corn. 

There was no injury by insects other than the 
corn earworm and rice weevil in any of the treated 
plots. In contrast, of the 125 ears from the untreated 
check plots, 37 showed injury by other insects. Some 
of this injury was caused by the fall armyworm, 
Laphygma frugiperda (A. & S.), and the pink corn 
worm, Pyroderces rileyi (Wals.). The check plots 
also showed injury caused by rot-producing or- 
ganisms and considerable loss from birds feeding on 
the insects during the growing season and later on 


Fic. 2.—Corn from untreated check plot, showing 

injury to tips of ears by the corn earworm, emergence 

holes of the rice weevil, damage by disease organ- 
isms, other insects, and birds. 
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the exposed kernels. In feeding on earworm larvae 
the birds leave the husk in a ragged condition, which 
exposes the kernels. They continue feeding on these 
kernels until the corn is harvested. None of this 
injury occurred in the treated plots. 

The over-all quality of the treated corn was much 
superior to that in the check plots, as may be noted 
in figures 1 and 2. 

Caution: Parts of corn plants contaminated with 
DDT should not be fed to dairy animals or to ani- 
mals being finished for slaughter. 





Tests of Insecticides for Control of 
Chestnut Weevil Larvae in the Soil 


E. R. Van Leguwen, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and 
Plant Quarantine 


The larvae of the two chestnut weevils, Curculio 
auriger Casey and C. proboscideus F., after com- 
pleting their growth in the nuts, enter the soil be- 
neath chestnut trees, where they build earthen cells 
in which they transform into adults. Some in- 
dividuals may remain in the soil as long as 45 
months. Since 1948 the Bureau of Entomology and 
Plant Quarantine has been conducting experiments 
at Beltsville, Maryland, to find an insecticide that 
might be used to destroy the insects while they are 
undergoing transformation in the soil. One series of 
tests was made with several of the new organic in- 


Table 1.—Results of. laboratory tests with 
several organic insecticides against larvae of the 
chestnut weevil. 








ACTIVE Per CENT 
INGRE- MortTA.ity 
DIENT IN| —————- 
Pounps Small Large 


MATERIAL PER AcRE Weevils Weevils 


Toxaphene 2 52 80 
5 44 60 

10 64 100 

20 44 80 

25 40 60 

BHC (25 per cent 5 47 80 
gamma) 10 72 100 
15 100 100 

20 100 100 

25 100 100 

Chlordane 5 46 80 
10 50 80 

15 49 80 

20 62 100 

25 48 80 

Parathion 3 84 89 
1 90 93 

2 100 100 

+ 100 100 

6 100 100 

8 100 100 

10 100 100 

25 100 100 

Check (untreated) — 16 64 
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secticides and another series with fumigants. The 
results of these studies are reported in this paper. 

Tests wits Organic INn3sEecticipEs.—In the labo- 
ratory the test materials were intimately mixed with 
screened Collington fine sandy loam taken from a 
chestnut orchard at Glenn Dale, Maryland. The 
prepared soil was then placed in either a 10-inch 
flower pot or a 2-gallon tin pail the bottom of which 
was perforated. Checks were set up which contained 
no insecticide. On the top of each pot 50 small and 
5 large chestnut weevil larvae from storage outdoors 
were permitted to burrow into the soil. After 30 
days the soil was examined for larvae. The results, 
given in table 1, show that chlordane and toxaphene 
were not so effective as BHC and parathion. 

In further laboratory tests soil was treated with 
various dosages of parathion and 2 months later 
chestnut weevil larvae were liberated on the surface 
and allowed to burrow in. After an exposure of a 
month the soil was examined to determine the 
effectiveness of the treatment. The results were as 
follows: 

Per cent mortality 


Pounds per acre Small larvae Large larvae 


3 84 93 
1 97 99 
2 90 95 
4 98 80 
6 100 100 


These data indicate that parathion evaporates 
rapidly and that 6 pounds per acre is necessary to 
kill 100 per cent of the larvae. 

In field test soil plots 20 by 20 feet in a chest- 
nut orchard at Glenn Dale were treated with in- 
secticides either by spraying or by mixing the 
material with dry sand and then distributing it on 
the surface by hand. The plots were then disked 
twice to a depth of 5 inches. Several untreated areas 
were also disked to be used as checks. A total of 
more than 40,000 small and 800 large chestnut 
weevil larvae were liberated on the surface of the 
soil. Other smaller plots were treated by mixing 
parathion with the soil by hand to a depth of 5 
inches to give an intimate mixture similar to that 
used in the laboratory. All the insecticides were 
applied and the larvae liberated in the fall, and the 
larvae were recovered the following spring. 

Table 2 shows that parathion mixed by hand with 
the soil was the only promising treatment. How- 
ever, hand mixing is not practical because of the 
labor required. Parathion shows some promise as a 
soil insecticide if a method of incorporating it in the 
soil is developed. 

Tests with Fumigants.—In laboratory tests 12- 
inch flower pots were filled with Collington fine 
sandy loam from a chestnut orchard and 50 small 
chestnut weevil larvae were permitted to burrow 
into the soil. The following fumigants were then ap- 
plied: parathion, carbon bisulfide, and dichloro- 
ethyl ether at dosages from 25 to 65 pounds per 
acre; ethylene dibromide at 5 to 85 pounds per acre; 
and D-D niixture at 10 to 45 pounds per acre. To 
facilitate the application of small dosages, the 
fumigants were mixed with acetone, 1 part to 272 
parts. The mixture was injected 5 inches deep into 
the center of the pot. Examinations by screening 
the soil in the pots were made at the end of a month 
and at various intervals thereafter. All dosages of 
ethylene dibromide except the two lowest (5 and 
10 pounds per acre) and D-D at 25 to 45 pounds per 
acre killed 100 per cent of the larvae. The other 
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Table 2.—Results of field tests with several 
organic insecticides against chestnut weevil 
larvae in the soil. 











AcTIVE Per CENT 
INGRE- REDUCTION 
METHOD DIENTIN. —————— 

OF Pounps Small Large 

DistrI- PER Wee- Wee- 
MATERIAL BUTION ACRE vils vils 
Chlordane Sprayed 50 0 33 
60 4 17 
70 41 33 
80 50 33 
90 21 25 
100 15 42 
BHC (25% Sprayed 5 25 0 
gamma) 10 13 27 
20 19 36 
30 11 45 
40 18 73 
Parathion Sprayed 5 7 17 
10 15 50 
20 14 0 
30 30 33 
40 46 47 
50 45 33 
Mixed with 5 0 9 
sand 10 33 18 
20 25 36 
30 16 18 
40 5 73 
50 28 9 
Mixed by 5 79 73 
hand 10 98 100 
20 100 100 
30 100 100 
40 100 100 
50 100 100 





fumigants were less effective, but dichloroethyl 
ether killed more than 9 per cent at 55 pounds per 
acre. Acetone alone in comparable quantities was 
found to be nontoxic. 

In field tests small chestnut weevil larvae were 
liberated in lots of approximately 200 on 1-square- 
foot areas of orchard soil immediately after leaving 
the nuts in the fall of 1949. These larvae, when build- 
ing their cells, burrow straight down without lateral 
movement. In May 1950 these areas were treated 
with various quantities of ethylene dibromide, and 
30 days later were examined for living larvae. The 
mortalities were as follows for larvae receiving 
different dosages: 


Pounds per acre Per cent 
5 53 
10 73 
15 83 
20 89 
25 92 
40 97 


A larger series of tests was then made with two 
commercial fumigants, one containing 41 per cent 
of ethylene dibromide and the other D-D mixture. 
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The applications were made in July 1950 and ex- 
amined a month later. D-D gave 98 or 99 per cent 
kill at 8 to 12 gallons and the ethylene dibromide 99 
per cent at 4 and 5 gallons and 100 per cent at all 
dosages above 9 gallons per acre. 

In the fall of 1950 the same ethylene dibromide 
product was injected into the soil containing large 
chestnut weevil larvae. Injections were made 5 
inches deep at the rate of 10 gallons per acre. The 
treatments were replicated four times and the check 
twice. The plots treated with the ethylene dibromide 
product showed a larval reduction of 98 per cent. 

To determine how far from the point of applica- 
tion ethylene dibromide would diffuse and destroy 
the chestnut weevil larvae, several tests were made 
with a 1-ml. dosage injected 5 inches into the soil. 
Examination of these areas showed that 99 per cent 
of the larvae within 6 inches of the injection point 
were killed. Injections of 1 ml. at 12-inch spacings 
are equivalent to 10 gallons per acre. 

To determine whether the fumigants were in- 
jurious to bearing chestnut trees, the soil beneath 
five 8-year-old trees growing in Collington fine 
sandy loam soil was treated with D-D at the rate of 
25 pounds, and 10 similar trees were treated with 
the 41-per cent ethylene dibromide at 10 gallons 
per acre. The fumigants were injected into the soil 
to a depth of 5 inches at 12-inch spacings. In addi- 
tion, parathion was used at 12.5, 25, 50, 75, and 100 
pounds per acre. Each dosage was spread on the 
surface of the soil beneath five bearing chestnut 
trees and disked in to a depth of 5 inches. None of 
these trees were injured by the treatment. 

Summary.—The fact that chestnut weevil larvae 
remain for long periods in the soil beneath chestnut 
trees suggested treatment of the soil with insecticides 
as a means of control. 

Toxaphene, BHC, chlordane, and parathion ap- 
plied to the surface of the soil in the field and disked 
twice to a depth of 5 inches were not effective against 
the larvae. When intimately mixed with the soil by 
hand, parathion proved very effective, but this 
method of application was not practical. 

Laboratory tests were made with carbon bisulfide, 
dichloroethyl ether, D-D, and ethylene dibromide 
as fumigants injected into the soil. Ethylene 
dibromide was the most effective material tested. 
Under field conditions, ethylene dibromide (41 
per cent) gave excellent results when used at the 
rate of 10 gallons per acre. There was no injury to 
bearing trees growing in soil treated by this method. 





Relation between Winter Tempera- 
tures, Boll Weevil Survival, Summer 


Rainfall, and Cotton Yields' 


R. C. Gaines, U.S.D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine* 


A study of the factors that influence boll weevil 
injury to a particular cotton crop should start with 
the conditions that existed during the preceding fall. 
Consideration should be given first to the supply of 


1 Presented at the meeting of the Cotton States Branch, 
American Association of Economic Entomology at New Orleans, 
La., February 9-11, 1953. 

2 The field work was performed by M. T. Young, G. L. Smith, 
G. L. Garrison, A. L. Scales, T. C. Barber, R. W. Howe, H. W. 
Lee, E. S. Tucker, H. C. Young, R. W. Moreland, F. F. Bondy, 
T. P. Cassidy, A. Thomae, A. J. Chapman, W. A. Stevenson, 
C. F. Rainwater, and a large number of temporary assistants. 
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feeding and breeding material for the boll weevil, 
Anthonomus grandis Boh., which is affected by 
weather conditions during August, September, and 
October, defoliation by chemicals or the cotton leaf- 
worm, Alabama argillacea (Hbn.), and the date of 
the first killing frost. The number and the condition 
of boll weevils entering hibernation are determined 
largely by the supply of feeding and breeding mate- 
rial prior to the general movement to hibernation 
quarters. The winter temperatures to which the 
weevils are exposed are affected by the shelter in 
which the insects overwinter, and these tempera- 
tures influence survival and emergence during the 
following spring and early summer. The weather in 
the spring also has a direct bearing on the number 
of weevils that live long enough to find cotton plants 
and reproduce. Summer rainfall also has an im- 
portant effect on the rate of weevil multiplication. 
Each of these factors constitutes a separate study. 
Discussions of some of them for the years 1915 to 
1934 have been published (Gaines 1935; Young 
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1935). The U. S. Weather Bureau has also made 
extensive correlation studies of weather and weevils 
(Kincer 1928). The correlation studies presented in 
this paper are based on yearly records (Table 1) 
from 1915 to 1952 of weather conditions, boll weevil 
survival in various shelters, yield in treated plots, 
yield per planted acre, and total yield in Madison 
Parish, Louisiana, and they are a continuation of 
the studies from 1915 to 1941 which have been pub- 
lished (Gaines 1943). The results are interpreted on 
the basis of statistical significance at odds of 19 to 1. 

WINTER TEMPERATURES AND Bott WEEVIL Sur- 
vivAL.—The number of days from September to 
March on which the temperature fell below 32° F. 
was correlated with the number of live boll weevils 
found in Spanish moss during the spring, the per- 
centage surviving in hibernation cages, and the 
number found in cotton fields during May and 
June. 

The number of days from September to March on 
which the temperature fell below 20° F. was cor- 


Table 1.—Summary of winter temperatures, boll weevil survival, summer rainfall, and cotton yields, 





Tallulah, La., 1915 to 1952. 





NUMBER OF 
WEEVILS ENTERING Days FROM 
HIBERNATION SEPTEMBER TO 
—————————— Marcu WHEN 








Per Ton Per TEMPERATURE 
of Acre of Fett BELtow— 
Spanish Ground 
YEAR Moss Trash 32°F. 20°F. 
1915-16 —- — $2 0 
1916-17 - — 45 5 
1917-18 - — 60 14 
1918-19 —- ~~ 45 4 
1919-20 — — 39 Q 
1920-21 - — 35 1 
1921-22 — — 30 0 
1922-23 — — 26 0 
1923-24 — — 51 5 
1924-25 — — 49 4 
1925-26 280 47 3 
1926-27 242 - 30 4 
1927-28 21 - 43 1( 
1928-29 240 — 43 ij 
1929-30 189 - 44 11 
1930-31 49 -- 37 0 
1931-32 724 _ 19 0 
1932-33 881 —_ 28 3 
1933-34 365 —_ 29 0 
1934-35 192 - 38 5 
1935-36 19 - 54 | 
1936-37 141 2,118 31 0 
1937-38 51 519 35 6 
1938-39 4 1,284 33 3 
1939-40 189 2,243 59 12 
1940-41 23 721 31 2 
1941-42 1,484 46 4 
1942-43 — 2,916 29 + 
1943-44 2.488 43 4 
1944-45 - 2,435 34 0 
1945-46 - 4,199 $1 3 
1946-47 2,698 34 , 4 
1947-48 1,178 50 4 
1948-49 2,146 27 1 
1949-50 3,231 31 0 
1950-51 4,586 48 8 
1951-52 _ 1,367 37 5 


WEEVILS SURVIVING THE WINTER 


MINIMUM Per Acre of Per Cent 


Tempera- Number Ground Trash in 
TURE For per Ton ——-————————_ Hiiber- 
Winter of Span- Num- Per nation 
i a ish Moss _ ber Cent Cages 
20 24.0 -—- 6.14 
16 8.0 — - Bp i 
1 Red _ .05 
9 4.0 - - 31] 
18 9.5 : a -48 
16 22.0 — 1.38 
22.5 127.0 - 4.22 
26 19.0 - 1.59 
10.5 5 — - oa 
15 .6 — — .O1 
13 0 — .05 

16 4.0 - - 
11 1.0 — — .02 
16 3.8 — — Ay 
1.8 2 — — .O1 
20 33.0 - _— 5.34 
23 462.3 — — 18.39 
12 1.3 _ — 15 
20 40.8 — 7.61 
6 5.2 — — we 
14 0 141 - Be 
22 23.0 50 2 11.87 
14 1.4 186 36 1.18 
15 6.7 226 18 1.16 
—8 .0 190 8 .O1 
17 — 920 128 10.36 
11 — 327 22 .14 
14 — 750 26 1.40 
15 — 625 25 1.29 
20 — 1,512 62 15.42 
16 — 1,065 25 9.28 
18 — 426 16 1.84 
—@2 — 177 15 .38 
10 — 1,710 80 4.04 
21 <a 2,202 68 17.10 
—12 — 1,742 38 .02 
15 — 629 46 94 
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Table 1.—continued 








Days WitTH 








NUMBER OF 0.30 INcH Per CENT 

WEEVILS PER ToTAL PRE- or More INCREASE YIELD In Mapison Parisu 

ACRE OF CoT- CIPITATION PRECIPITA- IN YIELD 

TON PLants’ JUNE 21 TO TION FROM OveER CHECKS Total Number 

Durtine May August 19, JUNE 21 T0 IN TREATED Pounds of 500-Pound. 

YEAR AND JUNE IN INCHES Avaust 19 PLots per Acre! Bales? 

1915-16 346 9.18 7 — — 5,385 
1916-17 4 6.17 6 — — 11,217 
1917-18 51 2.96 5 — = 13,725 
1918-19 73 9.61 10 “+ — 4,766 
1919-20 81 6.92 8 32.8 — 5,716 
1920-21 129 9.32 9 44.6 — 7,406 
1921-22 133 14.62 16 83.9 — 4,475 
1922-23 70 7.80 8 20.7 —_ 6,385 
1923-24 10 1.39 g 33a —_ 12,550 
1924-25 3 6.57 5 18.7 — 22 , 682 
1925-26 32 8.62 12 68.3 — 15,449 
1926-27 _— §.88 9 33.0 _ 2,812 
1927-28 9 9.05 ll 41.2 220 11,402 
1928-29 30 5.98 5 yy) 299 19 ,671 
1929-30 12 1.65 g 9.3 205 15,488 
1930-31 7 8.53 8 31.8 300 19,402 
1931-32 247 7.25 7 45.7 225 14,447 
1932-33 269 16.33 12 46.0 209 9 , 243 
1933-34 439 2.52 2 19.5 252 10,516 
1934-35 231 4.03 2 1.3 252 11,658 
1935-36 14 5.85 6 5.0 453 24,130 
1936-37 51 1.86 Q 3.3 469 28 ,992 
1937-38 97 10.77 9 9.6 414 18 ,306 
1938-39 113 7.05 6 11.8 410 19 ,325 
1939-40 35 12.22 12 54.7 177 7,997 
1940-41 263 6.87 8 46.3 238 10,925 
1941-42 44 5.08 5 2.4 430 21,393 
1942-43 200 3.46 6 13.8 478 22 ,959 
1943-44 110 6.02 7 1.8 482 21,610 
1944-45 184 4.28 4 36.5 228 10,260 
1945-46 359 13.44 10 75.0 116 5,409 
1946-47 170 4.81 5 15.5 331 16,212 
1947-48 91 14.89 6 18.7 449 23 ,039 
1948-49 255 9.42 12 39.0 276 15,273 
1949-50 560 7.66 10 112.8 373 14,423 
1950-51 138 3.24 6 85.3 401 18 ,675 
1951-52 123 1.65 1 18.4 _ — 











1 Data from Bureau of Agricultural Economics. 
? Data from Census Bureau. 


related with the percentage surviving in hibernation 
cages and the number found in cotton fields during 
May and June. 

The minimum temperature for the winter was 
correlated with the percentage surviving in hiberna- 
tion cages. 

The number of boll weevils found in ground or 
woods trash in February and March, and the per- 
centages surviving both in ground trash and in 
hibernation cages were correlated with the number 
found in cotton fields during May and June. 

OVERWINTERED Bott WEEVILS AND COTTON 
Yretps.—The number of boll weevils found in 
ground trash during February and March, the per- 
centage surviving in hibernation cages, and the 
number found in cotton fields during May and June 
were correlated with the percentage increase in 
yield over untreated checks in treated plots where 
boll weevils had been controlled with insecticides. 

SuMMER RarinrFALL AND Corron Yre_ps.—The 
total rainfall from June 21 to August 19 and the 


number of days on which there was 0.30 inch or 
more of rain were correlated with the percentage 
increase in yield in treated plots and total yield in 
Madison Parish. 

The percentage increase in yield in treated plots 
was correlated with yield per acre and with total 
yield in Madison Parish. The yield per planted acre 
was likewise correlated with the total yield. 

OVERWINTERED Bott WeeEvits, SumMeR Rarn- 
FALL, AND INCREASED YIELDS IN TREATED PLots.— 
The variables used in multiple correlations were the 
ones having the greatest coefficients in simple cor- 
relations and are as follows: the number of weevils 
found in ground trash in February and March and 
the number found in cotton fields in May and June, 
the percentage surviving in hibernation cages and 
the weevils found in cotton fields in May and June, 
the number of weevils found in ground trash in 
February and March and the percentage increase 
in yield in treated plots, the number of weevils found 
in cotton fields in May and June and the percentage 
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increase in yield in treated plots, and the number of 
days with 0.30 inch or more of rainfall from June 21 
to August 19 and the percentage increase in yield 
in treated plots. The multiple correlation coefficient 
for number of weevils found in ground trash in 
February and March, the number of days with 0.30 
inch or more of rainfall from June 21 to August 19, 
and the percentage increase in yield in treated plots 
was 0.83; for the number of weevils found in cotton 
fields in May and June, the number of days with 
0.30 inch or more of rainfall from June 21 to August 
19, and the percentage increase in yield in treated 
plots it was 0.78; and for the percentage surviving in 
hibernation cages, the number of days with 0.30 inch 
or more of rainfall from June 21 to August 19, and 
the percentage increase in yield in treated plots it 
was 0.69. All records used in the multiple correla- 
tions were for the 17-year period 1936 through 1952. 
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Further Evidence of Tuber Damage 
by the Western Potato Flea Beetle’ 


H. R. MacCartuy,? Laboratory of Entomology, 
Kamloops, B. C. 


The western potato flea beetle, Epitrix subcrinita 
(Lec.),? is the only important species of flea beetle 
attacking potatoes in the Cariboo district of British 
Columbia. The larval diet is not known with cer- 
tainty, but in a weed-free potato field it must be 
presumed to consist of underground parts of the 
potato plants. The writer (1950) showed, in labora- 
tory experiments, that the larvae were not only 
capable of damaging rhizomes and roots but also 
caused tuber damage similar to that produced by 
the tuber flea beetle, Epitriz tuberis Gent. 

The same conclusion was reached on the basis of 
field observations by Webster and Baker (1929) and 
by Webster (1932), in western Washington. Experi- 
mental work by Jones (1944) showed that nearly 
all economic loss could be attributed to E. tuberis. 
Landis (1948) demonstrated that both species could 
propagate on several host plants. The last two 
papers include reviews of literature. 

During 1950-52, Epitrix subcrinita increased 
steadily in numbers in the Soda Creek area of the 
Cariboo district, British Columbia. E. tuberis has 
not yet been recorded in the Cariboo district. Popu- 
lation samples from untreated potato fields were 
taken in these years at approximately weekly in- 
tervals from June to September on three farms. The 
collecting stations were 10 miles apart, along the 
main north-south road. 


1 Contribution No. 3086, Division of Entomology, Science 
Service, Department of Agriculture, Ottawa, Canada. 

2 Field Crop Insect Section. 

3 Determination by Dr. L. G. Gentner, Medford, Oregon. 





Vol. 46, No. 4 


The increase in the infestation is recorded in 
table 1, which indicates also the two population 
peaks representing the emergence of the two summer 
generations. In fields 1 and 2 the numbers of flea 
beetles increased trom 1951 to 1952, and as the sea- 
sons progressed. In these fields only slight damage 
occurred, consisting mainly of the familiar “shot 
hole” effect on the leaves, caused by feeding of the 
adults. In 1951 in field 3 there was evidence of 
tunneling in tubers by larvae and a few tracks were 
seen. 


Table 1.—Numbers of adults of Epitrix sub- 
crinita taken per 100 strokes of a 15-inch net at 
approximately weekly intervals in 3 fields, Soda 
Creek, B. C., 1951 and 1952. 











Fiep 1 FIeLp 2 Fietp 3 


1951 1952 1951 1952 1951 1952 


June — — 0 — — 10 
0 — a ae — 

July 0 0 1 t 50 42 

0 0 ] 6 58 214 

5 3 3 8 13 275 

0 0 0 —e 16 68 

0 0 + — — — 

en 9 — —_ oon — 

Aug. 5 4 6 24 101 

39 7 13 6 118 157 

14 30 253 42 351 8,221 

14 82 85 105 1,514 11,280 

— ems 74 53 1,713 20,880 

Sept. 11 — 65 371 1,482 7,520 

— — 90 65 — a 





In 1952 the number of adults in field 3 rose to 
extraordinary levels. Within a few days of the 
emergence of the second summer generation in 
August, the leaves were skeletonized. For an esti- 
mate of the damage, a random sample of 150 tubers 
was taken in early September. One tuber was dug 
from a plant on crossing every fourth row on a zig- 
zag course across the width of the field. In this way 
a sample was obtained that was representative of 
all the types of slope and soil in the field. 

The damage was appraised at the Kamloops 
laboratory, in the standard manner for injury in- 
flicted by Epitrix tuberis. The method consists in 
peeling each tuber thinly and counting the damage 
marks thus revealed. For the most part these were 
tunnels lined with wound cork, often surrounded 
by a yellow halo. The few surface tracks were con- 
sistently shallower than those caused by Epitriz 


Table 2.—Tubers marked by larval feeding of 
Epitrix subcrinita in a heavily infested field, Soda 
Creek, B. C., 1952. 

Marks PER TUBER 








NUMBER OF TUBERS 


~ 


0 7 
1-4 47 
5-9 43 

10-14 28 
15-19 10 
Over 20 15 
150 
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tuberis. Tubers were placed in six categories (Table 
2). For commercial purposes, 10 marks or more 
would put tubers into a lower grade unless potatoes 
were in unusually short supply. Table 2 shows that 
uncontrolled populations of E. subcrinita are capable 
of causing economic loss by damaging tubers. 
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Tests with Aerosols for Control of the 
Pea Aphid 


Tom A. Brinptey and Raxteu Scuorr, U.S.D.A., 
Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine’ 


Liquefied-gas aerosols have been tested for con- 
trol of the pea aphid, Macrosiphum pisi (Kltb.), in 
several pea-growing areas of the United States. In 
Maryland Ditman and co-workers (1944) demon- 
strated that the aerosol method of applying some in- 
secticides was highly effective against this aphid. In 
Virginia Anderson & Hofmaster (1948) found that 
DDT and benzene hexachloride in aerosol form gave 
good control. In Wisconsin Bronson & Dudley 
(1949) found that aerosols gave good control but 
that dusts appeared to be more practical. 

Exploratory experiments conducted by the 
authors in 1947 indicated that good control of the 
pea aphid in the Pacific Northwest might be ex- 
pected from the use of aerosols, 

In 1948 a series of experiments was carried out 
with four aerosols containing the following mate- 
rials: (1) 5 per cent of DDT (aerosol grade) plus 10 
per cent of methylated naphthalene in methyl 
chloride, (2) 10 per cent of a 40-per cent solution 
of TEPP (tetraethyl pyrophosphate) in methyl 
chloride, (3) 10 per cent of the 40-per cent TEPP 
solution plus 10 per cent of acetone in Freon-12, and 
(4) 10 per cent of methyl isobutyl ketone plus 10 
per cent of acetone in Freon-12. The technique out- 
lined by Fulton et al. (1947) was used in preparing 
cylinders of the aerosol solutions. The first two of 
these aerosols were applied alone at about 40 pounds 
per acre. The other two were applied at about 10 
pounds per acre mixed with 20 pounds of 5-per cent 
DDT dust. Freon-12 was used in the aerosols ap- 
plied with dust in order to eliminate the danger of 
fire from the static charges in the fan housing of 
the duster. 

1In cooperation with the Idaho, Washington, and n 


Agricultural Experiment Stations. The authors are indebted to 
Floyd F, Smith for helpful suggestions. 





SciENTIFIC NOTES 689 


For applying the aerosols alone, 18 oil-burner 
nozzles with a capacity of 2 gallons per hour were 
placed in a single row along the 25-foot boom of a 
power duster as shown in figure 1. They were 
fastened so as to project down and toward the rear 
of the machine at an angle of about 45 degrees. The 
boom was covered with the usual canvas trailer. 

For applying the aerosols with 5-per cent DDT 
dust, an oil-burner nozzle capable of delivering 9 





Fic. 1.—Arrangement of aerosol nozzles on a con- 
ventional-type duster boom so that either a dust or 
an aerosol or both could be applied. 


gallons per hour was used to release the aerosol into 
the air inlet of the dusting machine. In this manner 
the aerosol came in contact with the dust as it flowed 
through the fan housing while it was being applied. 
In previous tests TEPP solution dripped into the 
dust in the fan housing increased the kill of aphids 
but often resulted in clogged booms. It was thought 
that perhaps the TEPP aerosol would be as effective 
and avoid clogging of the booms. 

Methyl isobutyl ketone has been used in the 
laboratory to cause pea aphids on samples of vine 
tips to release their beaks from the foliage so that 
they could be sifted onto a counting board to facili- 
tate counting. It was therefore thovght that, if 
applied with DDT dust, this material might cause 
the aphids to leave the inaccessible parts of the 
foliage and be more readily killed by the DDT. 

To aid in determining the value of the aerosols, 
DDT and TEPP dusts were also tested. The dusts 
were applied at about 20 pounds per acre. 


Table 1.—Effectiveness of various aerosols 
and dusts, applied alone and together, against 
the pea aphid. 








Per Cent 
ContTrROL 


NuMBER oF Sur- 
viving APHIDS 


” Oregon Idaho Oregon Idaho 


TREATMENT 





Aeneom alone (methy 1 chloride) : 


139 97 98 
DDT oe 181 165 90 97 
Dust alone: 
TEPP 1% 
Proprietary -- 85 -- 99 
Meo prepared _ 64 -- 99 
DT 5 164 92 97 
ages (Freon- 12) with 5% ppt dust: 
TEPP 4% 232 91 96 
Motil isobutyl ketone iS 363 76 94 
Check (no insecticide) 1738 6086 _ _ 
Difference required for 
significance 222 1 13 1 





1 Not significant according to the F test. 
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At each place five replicates were made in 0.05 
acre plots arranged in randomized blocks. The 
aerosols and dusts were applied at Milton, Oregon, 
on June 26 and at Joel, Idaho, on July 17. Control 
was determined by counting the surviving aphids 
on samples of 20 vine tips taken at random from 
each plot 5 days after the insecticides were applied. 

The results, given in table 1, show that methyl 
isobutyl ketone and TEPP aerosols were of little 
additional value when applied with the DDT dust. 
Differences between DDT dust, the DDT aerosol, 
and the TEPP aerosol were too small to be con- 
sidered as having any significance. 

On the fifth day after treatment it was observed 
that all the aerosol treatments, whether alone or 
with dust, caused some plant injury. Injury from 
the TEPP aerosol was greater than that from the 
DDT aerosol. Metbyl isobutyl ketone aerosol 
caused the least injury. The aerosol-treated peas 
seemed to have matured faster than the others. 
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The Biology and Control of the Nan- 
tucket Pine Moth and the European 
Pine Shoot Moth’ 


L. A. Stearns,? Delaware Agricultural Experiment 
Station, Newark 


Pines are an attractive and distinctive feature of 
Delaware’s landscape. Highways in the central and 
southern portions of the State, which lie within the 
Coastal Plain, extend for miles through natural 
stands of loblolly pine (Pinus taéda Linn.). Hillsides, 
in the northern, Piedmont section, are dotted with 
young growths of red pine (P. resindsa Ait.). 

According to Taber (1937), loblolly is commer- 
cially the most important pine in this area since it is 
the principal source of manufactured Jumber. Red 
pine, although indigenous to northern United States, 
is a comparatively recent introduction. Thus far, it 
has served chiefly as a cover for water-sheds and in 
windbreaks on large farms and estates. Both species 
are now being used extensively and successfully for 
reforestation purposes. 

The Nantucket pine moth, Rhyacionia frustrana 
(Comst.), has been recognized locally as a serious 
pest on loblolly pine for many years. Its control, 
except on nursery stock, has been considered im- 
practicable, because large acreages were commonly 


1 Published as Miscellaneous Paper No. 170, with the approval 
of the Director of the Delaware Agricultural Experiment Sta- 
tion. Publication 253 and Scientific Article 175 of the Depart- 
ment of Entomology, February 19, 1953. 

2 Professor and Department Chairman, Entomology. 
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involved and suggested remedial measures were far 
from satisfactory. 

Since about 1938, red pine has been increasingly 
subject to attack by this insect and, even more 
severely, by the European pine shoot moth, Rhya- 
cionia buoliana (Schiff.). Again, in this case, seldom 
have attempts been made to reduce injury for the 
reasons already stated. The need for adequate 
means to prevent excessive damage to individual 
trees and group-plantings prompted studies in 
1948, 1949, and 1950, which are discussed briefly 
herein. 

Entomological literature includes numerous pub- 
lications covering the life history, habits, and con- 
trol of both Rhyacionia frustrana and R. buoliana. 
The more essential facts have been summarized 
conveniently for the reader by Craighead (1949). 

In the Middle Atlantic states (southern New 
York to northern Virginia), R. frustrana is known 
to have two generations each year; it overwinters 
in the pupal stage; and moths reportedly are active 
from about mid-April to mid-May and, again, in late 
June and early July. R. buoliana, on the contrary, 
has but one generation annually; it hibernates as a 
partially-grown larva; and the moths reportedly ap- 
pear during June and early July. 

The research under consideration had three ob- 
jectives: first, to evaluate certain of the newer in- 
secticides as potential controls; second, to deter- 
mine the exact emergence periods of both species 
under Delaware conditions; and, third, to develop a 
suitable application-schedule for the mixed popula- 
tion on red pine. 

Friend & West (1933) recommended that, when- 
ever feasible, all tips infested by shoot-moth larvae 
be cut off and burned, preferably during May. 
Spraying has been advocated as a substitute for this 
laborious practice of questionable efficacy and 
doubtful acceptance. Hamilton (1931) reported 
favorable results from three sprays of Penetrol 
(1-200) plus Black Leaf 40 (1-500) applied on June 
16, 23, and 30. Friend & Hicock (1933) stated that 
a spray mixture of summer oil (2 gals.), lead ar- 
senate (3 lbs.), and water (95 gals.), applied at 
10-day intervals beginning about June 10, would 
probably provide the desired control. 

A windbreak on a suburban property near Wil- 
mington® was made available in 1948 for control 
tests. Included were some 250 red pines from 4 to 8 
feet in height, moderately and uniformly infested by 
Rhyacionia buoliana and supporting, also, a rela- 
tively much smaller but sizeable population of 
R. frustrana. It was divided into six areas of about 
40 trees each. Five of these received, respectively, 
the following 50-gallon treatments: (1) Black Leaf 
40 (16 fl. oz.) and Grasselli Spreader-Sticker (4 fi. 
oz.)—equal to New Jersey recommendation; (2) 
summer oil (Volck, 1 gal.) and lead arsenate (1.5 
lbs.) —the Connecticut recommendation; (3) benzene 
hexachloride (1.5 lbs. 6 per cent gamma); (4) para- 
thion (10 oz. 25 per cent w.p.); (5) DDT (1 Ib. 50 
per cent w.p.). The sixth served as a check. Three 
applications, timed to combat R. buoliana were 
made: the first on June 11, the date of first emer- 
gence; the second on June 22, the date of maximum 
moth activity; and the third on July 8, the date of 
last emergence. 

There was no evidence of phytotoxicity from any 


3 Owner, William M. D. Bryant; equipment and labor fur- 
nished by the local office of the F. A. Bartlett Tree Expert 
Company (R. M. Viggars, Divisional Manager, cooperating). 
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of the treatments except the lead arsenate-oil mix- 
ture. After the second application, the trees which 
had received this combination showed considerable 
injury, followed by a heavy drop of needles in the 
late summer and fall. However, gradual recovery 
was noted during the following growing season. 

All treatments proved effective against Rhyacionia 
buoliana. On October 19, when the final 1948 exam- 
ination was made, no shoot-moth larvae were found 
anywhere except on the unsprayed checks, which 
still were badly infested. 

However, second-generation, wintering pupae of 
Rhyacionia frustrana were present generally in vary- 
ing abundance. Infestation by this species, which 
previously had been somewhat obscured by the 
more conspicuous injury of R. buoliana, was now read- 
ily apparent. Only in the DDT and the parathion- 
treated areas were the numbers of pine-moth larvae 
reduced substantially by the June and July sprays 
for control of the shoot-moth larvae. 

The emergence periods of Rhyacionia frustrana 
(1950) and that of R. buoliana (average from 1948, 
1949, and 1950 observations), based on weekly-re- 
corded data, are shown graphically in figure 1. The 
first moths of the spring brood of R. frustrana ap- 
peared between March 28 and April 5; 50 per cent 
had issued by May 12; and emergence was complete 
on June 6. The first moths of the summer brood of 
this species appeared between July 7 and 11; 50 
per cent had issued by July 21; and emergence was 
complete on August 10. Comparable observations 
were not made in 1949 and 1948. 

The first moths of the single summer brood of 
Rhyacionia buoliana were recorded on June 13, in 
1950; 50 per cent had emerged by June 26; and 
emergence was complete on July 11. The dates in 
1949 were June 14, June 19, and July 11, respec- 
tively; and, in 1948, June 11, June 22, and July 8 
respectively. It is evident that these two moths 
must be dealt with for a period of approximately 
4.5 months (March 25 to August 10) on red pine. 
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Fia. 1.—Emergence periods of Rhyacionia frustrana 
on loblolly pine, Dover, Delaware, 1950, and that 
of R. buoliana on red pine, Centerville, Delaware, 
1948-49-50. 


The following observations incidental to the re- 
cording of emergence seem worthy of comment. 
There is a striking difference in the mode of attack 
by pine-moth larvae as compared with that by 
shoot-moth larvae, a point unstressed in previous 
papers. The eggs of both insects are laid near the 
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tips of the twigs on either the needles, buds, or 
shoots; and the larvae bore into the bases of the 
needles and, also, into the buds and shoots. How- 
ever, injury by Rhyacionia frustrana alone usually 
results from multiple infestations on a terminal, 
whereas that by R. buoliana alone almost invariably 
is due to but a single one. This disparity in habits is 
emphasized by the data for R. frustrana included 
as table 1. Although only one larva had matured in 
each of three-fourths of the terminals examined, two 
had completed their development in one-fifth of 
them, and one terminal had actually provided suf- 
ficient food for seven larvae. 


Table 1.—Variation in number of Rhyacionia 
frustrana larvae per loblolly-pine terminal, Dover, 
Delaware, 1949-50. 








TERMINALS INFESTED 


NUMBER OF 
LARVAE PER 














TERMINAL Number Per Cent 
1 | 1399 | 73.44 
2 359 | 18.85 
3 | iy 5.67 
4 | 1.31 
5 0.52 
6 0.16 
7 | 0.05 
Totals 1905 | 100.00 





Another item of interest is the fact that, although 
larval parasites reportedly have proved rather 
effective in limiting the activities of both moths, 
none were encountered in these studies, Their ab- 
sence may partially account for the present abun- 
dance of these pests. 

Various circumstances restrict the full use of the 
controls for Rhyacionia frustrana and R. buoliana 
now available. It is essential to recognize these limi- 
tations and to work within them. The populations of 
both insects are largest and injury is of greatest im- 
portance in young pines. Damage decreases propor- 
tionately as trees approach maturity; eradication 
becomes impossible; spraying is ineffectual; and 
control costs are prohibitive. Results in 1949 from 
aerial applications of DDT, not discussed herein, 
can only be described as most disappointing. These 
treatments had no measurable effect on the numbers 
of R. frustrana in an 11-year-old, 5-acre, loblolly 
tract. It seems advisable, therefore, to write off 
well-established stands as a re-infestation liability 
concerning which little or nothing can be done, and 
to confine control operations to ornamental and 
other plantings during the early years of their 
growth when such efforts may be well rewarded. 

Control, by the removal and destruction of in- 
fested twigs each year, depends on the ability of an 
individual to locate, not just a few or even many of 
the inhabited terminals, but practically every one 
of them. The brown, crooked, red-pine shoot result- 
ing from feeding by a single Rhyacionia buoliana 
larva readily attracts attention, but the slightly 
off-color brittle tip on either red or loblolly, usually 
containing more than one R. frustrana larva or pupa, 
is less easily detected. This practice, if carried out 
about May 25, the most favorable time in Delaware 
for reducing the population of R. buoliana, would be 
more than one month and a half late for affecting 
similarly that of R. frustrana. If completed about 
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April 10 against R. frustrana, few of the still only 
partially-grown larvae of R. buoliana would have 
left their burrows in last year’s growth, attacked 
developing shoots, and produced by then the char- 
acteristic injury described above. 

The procedure, just considered, undoubtedly 
should be included in any program for control of 
these insects. However, chief reliance should be 
placed in spraying with DDT (rather than para- 
thion, because of its longer residual effect) at 1 pound 
of active ingredient in 100 gallons of water using 
ground equipment. An application-schedule to cope 
with a moderate to large mixed population on red 
pine would require nine treatments—one at the 50 
per cent point on the emergence curve for each of 
the three broods shown in figure 1 (see accompany- 
ing text for dates) and two others, the first about 14 
days prior to and the second about 14 days subse- 
quent to each of those three points. In the case of 
Rhyacionia buoliana alone on red pine or R. frustrana 
alone on loblolly, the number of applications should 
be reduced to conform with the indicated periods 
of emergence in each case. Since the completion of 
these studies, the adoption of such recommendations 
has met with success. 
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A Method for Eradication of the Mite, 
Myocoptes musculinus, from 
Laboratory Mice’ 


Ricuarp D. Stoner and Wiii1am M. Hae 
From the Division of Bacteriology and Virology 
Medical Department, Brookhaven National 
Laboratory, Upton, L. I., N.Y. 


The Listrophorid mite, Myocoptes musculinus,? 
frequently becomes a serious problem in raising 
laboratory mice. There are no reports in the litera- 
ture concerning effective control of this parasite. A 
Myocoptes infestation may remain light and unrec- 
ognized in mouse colonies where there is a rapid 
turnover of experimental animals. However, the in- 
festation may become intense and cause considerable 
trouble in long-term projects and in experimental 
work with debilitating diseases. 

In our colony the problem necessitated eradica- 


1 This research was done under the auspices of the Atomic 
Energy Commission. 

2 We are indebted to Capt. Hugh L. Keegan, MSC, Army 
Medical Service Graduate School, Walter Reed Medical Center, 
Washington, D.C., for taxonomic identification of the mite, 
Myocoptes musculinus. 
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tion of the parasites rather than temporary control. 
The use of usual control measures and a number of 
the more commonly recognized insecticides and miti- 
cides failed. We, therefore, turned to a consideration 
of the miticide, di-(p-chlorophenyl) methylcarbinol® 
(DMC). This compound was first synthesized by 
Bergmann and Bondi in 1931 and, later, prepared 
by Grummitt et al. who used improved methods of 
synthesis. Waters & Witman demonstrated that 
DMC possesses a high initial and a residual toxicity 
for two-spotted mites, European red mites, red 
spiders, and Pacific mites. This suggested to us that 
DMC might prove to be an effective miticide for 
the Myocoptes mite. 

Grummitt reported on the high specificity of the 
miticidal action of the di-(p-halophenyl) alkylearbi- 
nols. This group of compounds was tested against 
many insects, and found effective only upon mites 
at practical levels of concentration. Grummitt tested 


Table 1.—Acaricidal activity of di-(p-chloro- 
phenyl) methylcarbinol and toxicity for mice. 
Animals were treated three times at 5-day inter- 
vals. 

















DMC ETHYL No. 
IN ALcoHOoLIN. Mice No. oF ACARICIDAL 

Per Cent Per Cent Treatepo Deatas Errect 

0.4 95 10 7 All dead 

0.4 50 36 4 All dead 

0.2 50 44 0 Alldead 

0.1 50 14 0 A few survivors 

0.0 A few survivors 


5 50 14 0 





various analogues and derivatives of the di-(p- 
balophenyl) alkylearbinols and reported that the 
ring halogens were necessary for maximum acaricidal 
activity. He found that isomeric carbinols with one 
or both of the halogens in the ortho position demon- 
strated less activity. A shift in position of the alcohol 
group from the tertiary carbon atom resulted in loss 
of acaricidal activity in isomeric B-8-di-(p-chloro- 
phenyl) ethanol. 

There are no reports concerning the use of DMC 
as a miticide for mites, parasitic on mammals. 
We have investigated the acaricidal activity of 
DMC for Myocoptes musculinus. It is the purpose 
of this paper to report a method for eradication of 
the Myocoptes mite from laboratory mice. 

In our initial trials of various insecticide and acari- 
cide sprays and powders, it became evident that the 
active agent should be carried through the fur to the 
base of the hair for maximum contact with the mites. 
DMC is insoluble in water and soluble in alcohols 
and ketones. Because of the wetting action of the 
alcohols, several concentrations of DMC in alcohol 
solutions were tested for acaricidal activity. DMC, 
technical grade, was dissolved in 95 per cent and 50 
per cent ethyl alcohol. It was necessary to bring 
the DMC into solution in 95 per cent ethyl alcohol 
and then dilute to 50 per cent with distilled water. 

The toxicity for mice and toxicity for mites of 
various concentrations of DMC in alcohol are shown 
in table 1. We found 0.2 per cent DMC in 50 per 
cent alcohol satisfactory as a Myocoptes miticide 
The mice were submerged in the DMC solution 
and scrubbed about the ears, eyes, and mouth with a 
cotton pad saturated with the solution. The animals 
were treated in this manner 8 times at 5-day inter- 


3 We wish to thank Dr. O. J. Grummitt, Western Reserve 
University, Cleveland, Ohio, and Mr. A. J. Gunderson, Sherwin 
Williams Company, Cleveland, Ohio, for a generous supply of 
DMC, technical grade. 
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vals. This procedure maintained an effective miti- 
cidal concentration of DMC for newly-hatched 
larvae. On several occasions, the mice appeared to 
be “mite free” except for a few parasites clinging to 
the base of the eyelashes. For this reason, it was 
necessary to scrub the animals about the eyes and 
mouth with the DMC solution. 

The mice probably ingest a considerable amount 
of the acaricide in cleaning themselves after DMC 
treatment. Peters studied oral toxicity of DMC in 
rats and mice. Mice (18 to 22 gms.) were given single 
doses of DMC in corn oil and others were given an 
aqueous suspension of DMC. A dose of DMC in 
corn oil, 250 mg./kg., was well-tolerated by mice. 
He found no mortality from a single dose of DMC in 
aqueous suspension of 500 mg./kg. Higher levels 
of DMC in corn oil and aqueous suspensions resulted 
in paralysis and death. Urinary incontinence, 
tremors, ataxia, and impairment of balance was ob- 
served in moribund animals, but not in survivors. 
Growing rats tolerated a diet containing 0.1 per 
cent DMC during a 10-week period. The oral toxic- 
ity of DMC for rats and mice was similar to that 
reported by Woodard et al. for DDT under simi- 
lar conditions. 

We observed that young mice acquire their infes- 
tation when 10 to 15 days of age. The mites are 
generally first seen on the whiskers around the nose 
and mouth. Thus, the host transfer is probably ac- 
complished while the young are nursing. Four- 
week-old mice and 3 to 5-month-old breeding mice 
have been treated with DMC. Breeder mice were 
treated before mating and twice during pregnancy 
at 5-day intervals with no adverse effects upon the 
newborn litter. 

In addition to DMC treatment of mite-infested 
mice, the following control measures should be car- 
ried out to successfully eradicate the Myocoptes 
parasite and maintain a “mite free” colony: 1) 
isolate mice to be treated in a separate room; 2) 
mouse-proof colony breeding room and experimental 
rooms against wild mice; 3) paint ceiling, walls, 
floor, and shelves with 0.2 per cent DMC in 50 
per cent alcohol; 4) autoclave water bottles, feeders, 
cages, etc. These measures are necessary in order to 
prevent accidental mechanical transfer of the mites. 
Our breeding colony and experimental mice have 
remained “mite free” for the past 9 months. 

SumMaAry.—1. A method is described for eradica- 
tion of the Listrophorid mite, Myocoptes musculinus, 
from laboratory mice using the miticide di-(p- 
chlorophenyl) methylcarbinol (DMC). 2. Additional 
control measures for maintenance of a “‘mite free” 
mouse colony are reported. 
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Control of Insects and Spider Mites 
on Cotton in 1952 


M, T. Youne and R. C. Garngs, U.S. D. A., 
Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine! 


Calcium arsenate, various organic insecticides, 
and mixtures of these materials were tested at Tallu- 
lah, Louisiana, in 1952 for control of the boll weevil, 
Anthonomus grandis Boh., the bollworm, Heliothis 
armigera (Hbn.), other lepidopterous larvae, the 
cotton aphid, Aphis gossypii Glov., and the two- 
spotted spider mite, T'etranychus bimaculatus Har- 
vey. 

Metuops.—Five experiments were conducted in 
plots arranged in randomized blocks, with four 
replications of each treatment. Each plot was 12 
rows wide and of sufficient length to cover about 0.1 
acre. All insect and mite infestation and yield rec- 
ords were made on the four middle rows. 

Boll weevil-injured squares were determined by 
examining 100 squares and bollworm-injured bolls 
by examining 100 bolls in each plot. Counts of aphids 
and spider mites were made by recording the num- 
ber on 100 square inches of leaf area. One square 
inch was examined per leaf near the center on the 
underside of the fourth leaf from the top of the plant. 

In experiments 1 and 5 and in the dust treatments 
in experiments 2, 3, and 4 all insecticides were ap- 
plied with single-nozzle rotary hand dusters early in 
the morning. In experiments 2 and 3 various sprays, 
applied with a three-row (one nozzle per row) 
sprayer when the plants were dry, were compared 
with dusts and no treatment. In experiment 4, 
3-5-40 ( a mixture containing sufficient BHC to 
give 3 per cent of the gamma isomer plus 5 per cent 
of DDT plus 40 per cent of sulfur) alternated with 
calcium arsenate and a mixture of 2.5 per cent of 
aldrin plus 5 per cent of DDT were applied as dusts 
for insect control. Six acaricides were applied with 
the three-row sprayer late in August for control of 
the two-spotted spider mite on plots’ that had been 
treated with the aldrin-DDT mixture. 

All the cotton was planted about April 20 and a 
good stand was obtained in each plot. The boll 
weevil was the most important insect, but a very 
hot dry summer gave considerable climatic control 
of this pest. Spider mites were not sufficiently numer- 
ous to cause damage in experiments 2 and 4 until late 
in August. Bollworm damage was light during the 
early part of the season but increased in August, 
causing considerable loss in some of the untreated 
plots. Cotton aphid infestations were very low. 

Resu.ts.—Experiment 1 (Table 1). Insecticides 
were applied as dusts on July 21, 25, 30, August 
4, 8, 13, 18, and 22. The spider mite infestation was 
low and of little importance during the entire season. 
The aphid infestation was light, but was heaviest in 
the plots treated with 3-5-40 alternated with calcium 
arsenate, the heptachlor-DDT, and the aldrin-DDT 
dusts. The bollworm infestation was light. All the 
mixtures controlled this pest. Methyl parathion 2 


1 The authors were assisted in the field by G. L. Garrison, 
E. H. Fisher, R. G. Duncan, C. E. Powell, C. M. Swanson, and 
H. K. Watts. 
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Table 1.—Results obtained in Experiment 1. 




















Per Cent WEEVIL- 





APHIDS PER SQUARE 






PUNCTURED SQUARES INncu Mires 
~ — - PER Sq. Per Cent Seep CorTon 
Average Average Incu, BoLLworm- PER ACRE 
6 Counts 6 Counts AverAGE INJuRED ———— — - 
Dusts Pounps First July 22- Initial July 24- 3 Counts Bouts Total Gain Over 
(Figures in Per Cent) perAcre July 16 Aug. 12 July 10 Aug. 28 Ava. 14-28 Ava. 28 (Ibs.) Check 
Untreated check 21 86 0.03 0.80 0.88 8 2461 - 
3-5-40 alone 11 25 13 .O1 . 26 21 2 2595 134 
3-5-40 alternated with cal- 
cium arsenate 9 25 12 0 1.13 .25 3 2696 235 
Toxaphene 20+sulfur 40 14 26 12 0 .35 .04 3 2743 282 
DDT 5-+sulfur 40+ 
Aldrin 2.5 9 22 14 0 63 18 3 2747 286 
Dieldrin 1.5 10 28 10 .O1 .35 .18 0 3038 577 
Heptachlor 2.5 12 20 9 0 .82 13 1 2768 307 
Toxaphene 15 13 29 9 0 .28 01 1 2731 270 
Methyl parathion2?+DDT5 9 21 22 0 .07 08 2 2659 198 
Minimum significant dif- 
ference at 5% level — 4 -- 53 .34 3 — 








per cent plus DDT 5 per cent did not give satisfac- 
tory control of the boll weevil, although all the 
other insecticides did. The increased yields for the 
treated plots were small and nonsignificant, but were 
greatest on the plots treated with DDT 5 per cent 
plus sulfur 40 per cent plus either dieldrin 1.5 per 
cent or heptachlor 2.5 per cent. There were no sig- 
nificant differences among the yields. 

Experiment 2 (Table 2). Insecticides were applied 
on July 18, 23, 28, August 1, 6, 11, 15, 20, and 25. 
The dusts and sprays gave satisfactory control of 
the boll weevil and the bollworm. 3-5-40 dust alter- 
nated with calcium arsenate, the toxaphene dust, 
and the heptachlor-DDT spray caused a greater 
build-up of cotton aphids than the remaining 
treatments. Sprays containing toxaphene alone and 
toxaphene plus DDT did not cause so great an in- 
crease of the two-spotted spider mites as the remain- 
ing sprays. A Systox spray was applied to the six 
center rows of each plot (checks included) on August 
25 at the rate of 0.51 pound of technical material 
per acre. That application gave almost perfect 
control of cotton aphids and spider mites. Although 
the toxaphene spray caused light burning and some 
leaf shedding, the toxaphene-DDT spray caused 
severe burning of the cotton foliage on all applica- 
tions, resulting in heavy shedding of leaves and a 








Table 2.—Results obtained in Experiment 2. 





smaller increased yield than on plots receiving the 
remaining treatments. The increase in yields was 
greater on the toxaphene-dusted plots than on either 
of the sprayed ones. The greatest increased yields 
were on the plots treated with 3-5-40 alternated 
with calcium arsenate. 

Experiment 3 (Table 3). Insecticides were applied 
on July 18, 23, 28, August 1, 6, 11, 15, and 20. All 
of them, whether applied as dusts or sprays, gave 
satisfactory control of the boll weevil, the cotton 
aphid, and the bollworm. EPN and Metacide 
sprays gave the best control of the two-spotted 
spider mites, and sprays containing dieldrin plus 
endrin or aldrin plus endrin caused the greatest 
build-up of this pest. The increased yields were small 
and nonsignificant, owing to a light boll weevil infes- 
tation caused by climatic control. The greatest in- 
creased yields were made on plots treated with the 
Metacide spray and 3-5-40 alternated with calcium 
arsenate. : 

Experiment 4 (Table 4). Insecticides were applied 
as dusts on July 21, 25, 30, August 4, 8, 13, 18, and 
22, 3-5-40 alternated with calcium arsenate and no 
treatment were compared with aldrin 2.5 per cent 
plus DDT 5 per cent, which was used in order to 
build up populations of two-spotted spider mites for 
testing parathion, Metacide, Aramite, TEPP, 














Per Cent WEEVIL- 








APHIDS PER SQUARE 


MITES PER 





PUNCTURED SQUARES Incu Sq. Inco Per Cent Pounps SEED 
—_—--- -~ —————- - ~~ --—— Bo..- Corton 
Pounps Average Average Average, | WORM- PER ACRE 
TECHNICAL 7 Counts 5 Counts 2Counts Insurep - — 
MareriaL Initial, July 21- Initial July 24- Aug. 14 Bois Gain Over 
Dusts or SPRAYS PERAcRE July 16 Aug. 18 July 10 ~=Aug. 21 and 19! = Ava. 28 Total Check 
Check - 21 46 0 1.09 1.43 19 2012 _ 
Dusts (per cent): 
3-5-40 alternated with 
calcium arsenate 0.3-.5-4 26 18 .02 2.00 35 + 2797 785 
Toxaphene 20 2.6 28 12 01 82 95 4 2729 717 
Sprays (pounds per gal- 
on): 
BHC gamma 0.6+ 
DDT 1 .33- .55 33 11 0 .05 1.49 1 2706 694 
Aldrin 2+DDT 2 .27- .54 32 9 0 35 iv 0 2620 608 
Dieldrin 1.5+DDT 2 -17- .58 30 9 0 .19 97 2 2746 734 
Toxaphene4+DDT2 2.65-1.33 26 6 0 04 13 0 2247 235 
Toxaphene 6 2.78 26 11 01 .36 48 6 2515 503 
Heptachlor1+DDT2  .25- .50 27 9 0 .94 1.20 3 2706 694 
BHC gamma 0.9+ 
DDT 1.5 .32— .53 28 11 0 .O04 1.07 1 2776 764 


Minimum significant 
difference at 5% 
level 








1 No aphids or mites found in two counts made on August 28 and September 4. 
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Per Cent WEEvIL- 
Puncturep Squares APHIDS PER 
- Se.Incu, Mitesper Per Cent 








Pounps SEED 




















Pounps Average AVERAGE, Se. Incn Bottworm- CorrTon PER ACRE 
TECHNICAL 6 Counts 6CounTs AVERAGE, InsuRED ———-—___—-—-— 
MATERIAL Initial July 21- Jury 24—- 3 Counts BoLLts ON Gain Over 
Dusts or Sprays PER ACRE July 17 Aug. 12 Avue.27 Ava, 14-27 Aua. 27 Total Check 
Check — 20 28 0.18 1.33 16 2253 — 
Dusts (per cent): 
3-5-40 alternated with cal- 
cium arsenate .3-.5—-4 26 11 .07 .36 2 2565 312 
Toxaphene 20+sulfur 40 2.60-5.20 26 ll .08 .03 3 2495 242 
Sprays (pounds per gallon): 
Endrin 1.6 -22 24 10 .O1 56 2 2515 262 
Aldrin 1.25+endrin 1.00 .123— .10 24 9 .O1 95 2 2444 191 
Dieldrin 1.00+endrin 1.00 .10- .10 18 9 .O1 1.49 2 2374 121 
EPN 4+DDT 2 -T1- .47 16 9 .O1 .O1 2 2414 161 
Metacide 4 . 67 25 14 .O1 .O1 4 2636 383 
Minimum significant dif- 
ference at 5% level -- 5 .06 .96 5 - 
Table 4.—Results obtained in Experiment 4. 
APHIDS PER 
Square Incu Per 
Per Cent — Per CENT 
WeEEviL-PuNc- Per Per CENT OF Pounps 
TURED SQUARES Cent MirTes PER SQUARE CENT In- Bott- Seep Corron 
Pounps ——___- Reduc- Inca on— Repuc- CREASE WORM- PER ACRE 
INsEc- Average Average tion ——-——--—-———— TION FrRoM = INJURED————-———— 
tictpE Initial 6 Counts 5 Counts from August FROM Ava. Botts Gain 
DustTs oR PER on July 22- July 24—- Aug. 21 ——-——-———. Sept. Avua.19 19To ON Over 
SPRAYS Acre! July 17 Aug. 12 Aug.21_ to 27 19 27 4 To 27 =©Sepr.4 Ava.27 Total Check 
Dusts (per cent; 
8 treatments) 
Untreated check — 23 45 0.30 92 3.36 1.79 11.00 47 227 15 2203 a 
3-5-40 alternated 
with calcium 
arsenate ll 25 17 .62 22 .90 .82 2.96 9 229 + 2615 412 
Aldrin 2.5+DDT 
5 10 
Sprays (pounds per 
gallon; 1 treat- 
ment, each on 
aldrin-DDT 
dust plot) 
Parathion 2 0.25 7 19 .18 87 2.94 78 Bike 7 280 + 2475 272 
Metacide 4 .76 27 19 .27 97 3.96 .58 13.96 85 253 + 2515 312 
Aramite 2.4 .68 27 18 27 91 5.21 -82 14.97 84 187 2 2545 342 
TEPP 3.2 .28 25 18 21 88 $3.7 1.67 13.86 55 274 + 2666 463 
Systox 4 .59 25 15 .14 100 4.09 .@4 .84 94 792 + 2716 513 
R-242-2 .98 27 18 .19 98 3.15 1.07 7.44 66 136 3 2505 302 
Minimum sig- 
nificant dif- 
ference at 
5% level — 5 .25 —- -= 5.12 6 - 





1 Sprays: Pounds of technical material per acre. 
2 Per cent reduction. 


Table 5.—Results obtained in Experiment 5. 














Per Cent Weevil; APHIDS PER 
PUNCTURED SQUARES SQUARE Mites per’ Per Cent 
os . Incu, SQuaRE OF 
Average of AVERAGE, INcu, BoLiworm- - 
Initial 6 Counts 5 Counts AVERAGE INJURED 
Dusts Pounps Infestation July 22- JuLy 24- 4 Counts Bois 
(Figures In PER CENT) PER ACRE July 17 Aug. 12 Ava. 27 Ava. 7-27 Ava. 27 
Untreated check -- 28 55 0.11 3.10 14 
3-5-40 alternated with cal- 
cium arsenate 10 7 17 41 .69 
BHC gamma 6+DDT 10 5 31 20 .08 3.42 
BHC gamma 3+DDT 5 
+ special oil ll 28 12 .03 4.51 1 
+Aramite 4 10 80 16 .07 -22 2 
+parathion 1 8 29 17 .02 .20 2 
+Metacide 1 9 28 17 .02 1.96 2 
+Aramite 2 12 31 14 .07 .40 1 
Metacide 2 10 26 14 .01 1.86 6 
BHC gamma 83+DDT 5 ll 35 15 .01 2.91 2 
3-5-40 ll 26 23 .12 43 7 
Untreated check —- 35 55 .12 2.51 13 
Minimum significant dif- 
ference at 5% level —_ 6 .16 1.23 6 


Pounpbs OF SEED 


CorTron PER ACRE 


Total 
2138 
2706 
2655 


2712 
2759 
2638 
2716 
2855 
2895 
2615 
2768 
2244 


$35 


Gain 
Over 


Check 


515 
464 


521 
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Systox, and R-242. These acaricides were applied 
as sprays on August 22. A light shower fell soon after 
the spray applications were completed. The dust 
treatments all gave satisfactory control of the boll 
weevil, the bollworm, and the cotton aphid. The 
spider mite count made on August 27 showed that 
all the acaricides reduced the population of spider 
mites. The reduction was greatest where Systox was 
used. The count made on September 4 revealed 
that there was a rapid build-up of spider mites in all 
the sprayed plots except where Systox was used, 
which still showed a reduction of 79 per cent. The 
greatest increased yield was on the plots dusted with 
aldrin-DDT and sprayed with Systox. : 

Experiment 5 (Table 5). Insecticides were ap- 
plied, as dusts on July 18, 23, 28, August 1, 6, 11, 15, 
and 20. Boll weevil infestations were significantly 
lower in all treatments than in the untreated checks. 
Aphid infestations were significantly lower in all the 
treatments than where 3-5-40 was alternated with 
calcium arsenate. Metacide gave good control of 
aphids and of the boll weevil but poor control of 
two-spotted spider mites. Dusts with BHC gamma 
6 per cent plus DDT 10 per cent, BHC gamma 8 
per cent plus DDT 5 per cent plus special oil, or 
BHC gamma 8 per cent plus DDT 5 per cent also 
gave poor control of two-spotted spider mites. All 
treatments gave good control of the bollworm. The 
greatest increase in yield was made on plots receiving 
the Metacide 2 per cent. All insecticide treatments 
showed a significant increase in yield over the checks, 
but the differences between the various insecticides 
were not significant. 


A Rapid Method for Estimating Aerial 
Spray Deposits 


J.M. Davis, U.S.D.A., Agr. Res. Adm., Bureau 
of Entomology and Plant Quarantine, and K. R. 
E.uiorr, Canada Dept. Agr., Division 

of Forest Biology 


In applying airplane sprays for insect control or 
for experimental purposes, it is essential to determine 
the dispersal and deposition of the spray material. 
This is usually accomplished by placing indicating 
cards or recovery plates along lines laid at right 
angles to the line of flight of the aircraft to receive 
samples of the spray as it falls. For fast visual 
assessment, heavy pressed paper cards, known as 
jump cards, and sensitized paper have been used. 
These devices require the addition of a tracer or a 
chemical activator to the spray, and the results are 
often of questionable accuracy. For more accurate 
information, plates of glass or metal are used to 
capture the falling spray, thus permitting standard 
chemical or colorimetric analysis of deposits. 

The chief disadvantages of these methods are the 
weight and fragility of the material, and the cost, 
handling hazards, and the need for laboratory facili- 
ties. When measurements of droplet size are required, 
glass plates or microscope slides coated with 
magnesium oxide, carbon, oleophobic material, or 
other substance are generally used. After they have 
been sprayed, one is able to determine the size of the 
drops by measuring them or their imprints. All 
these materials are affected by rain or dew and many 
by sunlight. This necessitates their distribution im- 
mediately before and prompt collection after spray- 
ing, which materially reduce personnel efficiency. 
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These methods are time consuming and physically 
impractical in the assessment of large areas. 

Airplane spraying on both small and large forested 
areas in Canada and the United States for the control 
of many different insect pests has emphasized the 
need for a method of assessment that is not subject 
to the disadvantages outlined above. In a study 
conducted at Beltsville, Maryland, the Bureau of 
Entomology and Plant Quarantine, in cooperation 
with the Canada Department of Agriculture, has 
developed a dyed paper which indicates the degree 
of atomization and the quantity of deposit falling 
on it and is sensitive to almost any oil-base solution. 

The main problem in this study was to find a 
surface, and a material that could be placed on it, 
which would show where contact was made by the 
spray without the spray spots being confused with 
the texture of either the surface or the material. 
Numerous materials and solvents were therefore 
tested on about 30 types of paper and plastic sur- 
faces. Criteria for selection were maximum con- 
trast between spray spots and background and 
minimum confusion from texture. Contrast was 
found to vary with the material, and also with the 
volatility of the solvent. Background confusion was 
confined to papers and found to be a matter of paper 
quality. 

The final selection was a paper that before treat- 
ment is white, glossy, of medium weight and even 
texture, with a clay-bearing calender roll finish.! 
It is treated with an oil-soluble red dye in such a 
way that the greater part of the dye is left adhering 
to the surface. 

When a spray droplet strikes the surface of the 
paper, it appears to dissolve and carry most of the 
dye to its perimeter. This results in a circular pink- 
ish spot outlined by a dark ring of dye. Over a con- 
siderable range of drop sizes the ratio of the diameter 
of the ring to that of the droplet producing it is fairly 
constant, from 1:6 to 1:7 depending on character- 
istics of the spray used. Because this ratio is large, 
small droplets are readily visible, and because ot its 
consistency, the method is usable for the rough 
determination of droplet sizes. 

The paper is not costly and is easy to prepare in 
card form. The cards are convenient to carry and 
distribute, can be left exposed in the field for several 
days if necessary, and the deposits can be readily 
evaluated. The cards are not affected by rain or 
dew (in fact, they can be used while wet unless the 
water forms a film on them), and may be retained 
as a permanent record. This method does not require 
the addition of extra material to the spray. The cards 
not only indicate the adequacy of coverage, but are 
also useful for determining the relationship between 
dosage and mortality. 

Prolonged exposure to sunlight in the presence of 
moisture may cause some fading of the dye, but suffi- 
cient dye usually remains to indicate spray drops, 
though they may appear red on a pink background 
instead of the normal pink on a red background. 

The indicated deposit may be expected to show 
some reduction due to evaporation. The amount of 
reduction will be somewhat proportional to the vapor 
pressure of the insecticide at the ambient tempera- 
ture and to the time recuired for the spray to settle, 
and inversely proportional to the square of the 
drop size. The reduction is thought to be negligible 
with the oils used in most airplane sprays, but would 


1Some of the papers having the proper finish are Printflex 
Cover, Process Plate, and Richfold, which are available in vari- 
ous sizes and weights from Mead Paper Corporation, Chilicothe, 
Ohio, and Kingsport, Tennessee. 
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Fig. 1.—Standard dosages of 0.20, 0.50, and 1.00 gallon per acre on oil-sensitive cards. 


be greater when more volatile solvents such as xylene 
or trichloroethylene are used. 

These cards can be prepared by dipping the paper 
as rapidly as possible in a solution of 1 gram of du 
Pont oil red dye in 200 ml. of acetone. They can be 
prepared also by applying the dye solution with a 
hand roller or brush. The acetone evaporates 
quickly, leaving the dye on the surface of the cards, 
which are then ready for use. 

The size of the card is not critical, from 4 by 5 to 
5 by 8 inches having been used. To keep the cards 
in the desired position or location, they may be 
fastened to anything convenient with thumb tacks, 
staples from a stapling machine, adhesive tape, or 
other means, After the cards have been exposed to 
falling spray, deposits can be evaluated visually to 
an accuracy of about 5 per cent by comparing them 
with known standards, 7.e., previously prepared 
cards bearing known amounts of deposit. 

Since our cards were to be used to evaluate air- 
plane spray deposits, we used airplane spray in mak- 
ing up the standards. These standards were made 
up as follows: Sampling stations, each consisting of 
a number of cards interspersed closely with alumi- 
num plates, were placed in a line at right angles to 
the line of flight of the airplane. After the spraying 
the aluminum plates were collected and the deposits 





Fic, 2.—Estimating by comparing a spray deposit 

with a known deposit of 1 gallon per acre. Photo- 

graph by D. C. Anderson, Forest Insect Laboratory, 
Sault Ste. Marie, Ontario. 


analyzed chemically. The deposit on the aluminum 
plates at any station was assumed to be the same as 
that on the adjacent cards. Deposits equivalent to 
dosages ranging from zero to about 1 gallon per acre 
were obtained at the various stations. 

Sets consisting of one card each representing the 
dosages 0.05, 0.10, 0.20, 0.50, 0.75, and 1.00 gallon 
per acre have been assembled into booklets for field 
use. Similar sets are kept unassembled for use in the 
laboratory; these cards are arranged in ascending 
order and the unknowns compared with them for 
assessment. Figure 1 shows three of these standards. 
In figure 2 a field deposit is being compared with the 
standard for 1.00 gallon per acre in the booklet. It is 
fairly obvious that this field deposit is less than the 
standard shown; it was evaluated at 0.9 gallon per 
acre after being compared further with the 0.75 
gallon standard. 

When unknown deposits have been assessed by 
this method by different people, the results have 
been found to be fairly uniform. On one project, 
for example, of 8000 samples assessed by four men 
only 0.8 per cent were found to be in variance when 
rechecked by the supervisor. Thus it appears that 
differences due to personnel are of minor importance. 
For greatest accuracy the drop size on the standard 
should match that of the unknown. Further work is 
in progress to develop standards that will apply to 
all drop spectra and can be reproduced by photo- 
graphic or printing methods. 

In a large-scale control operation in New Bruns- 
wick in 1952, about 17,000 of these cards were left 
exposed in the forest for 10 to 30 days. Both sides 
of the cards were used, one for the initial spray and 
the other, where required, for respray deposits. Al- 
though extremely wet weather hampered the opera- 
tion, it did not harm the cards. Some dye fading was 
encountered, the degree depending on the exposure 
to simultaneous sunlight and moisture, but this was 
of no serious consequence. Four per cent of the cards 
were damaged by animals, but sufficient surface was 
left intact to allow assessment of the deposit. Similar 
observations have been made on other control oper- 
ations and in experimental work in different parts of 
the United States. 

The chief advantages of this method of visual 
assessment are the ease of handling and the rapidity 
of evaluation. About 300 samples can be assessed 
per man hour in the laboratory. The method is ideal 
for control projects and with further refinement of 
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Table 1.—Per cent mortalities of house flies in one day caused by scabrin stored for various 


periods. (Means of four replicates.) 








FRESHLY 
PRE- 1 


STORAGE SAMPLE PARED 


79 


ll 
Week Weexs Weexs Weexs Weexs WEEKS WEEKS 





Scabrin alone! j 40 
Scabrin plus— 
2,2’ Methylenebis-(4-methyl- 
6-tert-butylphenol) 52 
Di-tert-buty]-p-cresol 
Mono-tert-butyl-m-cresol 48 
Phenol S (mixture of isopropyl 
cresols) 8 48 
Hydroquinone 41 
Difference required for signifi- 
cance at 19:1 odds 9 15 


55 23 60 60 70 83 


76 
46 


77 


68 


71 


18 





1 A freshly prepared spray used in each of the last four series. 


2? Antioxidants alone caused negligible mortalities. 


standards may be sufficiently accurate for use in 
experimental spraying. 
LITERATURE CITED 
Elliott, Kenneth R. 1952. A new method of 
assessing aerial spray deposits. Canada 
Dept. Agr., Science Serv., Div. Forest 
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The Stabilization of Scabrin Oil Sprays 


NorMan Mirtuin and W. A. Gersporrr U.S.D.A., 
Agr. Res. Adm., Bureau of Entomology 
and Plant Quarantine 


In a previous paper (Gersdorff & Mitlin 1952) it 
was reported that kerosene sprays containing the 
new insecticide scabrin alone, at least those at rela- 
tively high concentrations, appeared to lose toxicity 
to the house fly on standing. A study was undertaken 
to determine whether such sprays could be stabilized 
by the use of antioxidants. In work with pyrethrins 
it has been reported that certain compounds of a 
phenolic nature were effective antioxidants for this 
toxicant (Yates 1934; Voorhees 1935; Trusler 1940; 
Bushland et al. 1945). Therefore, compounds of this 
type were selected for examination as stabilizers for 
scabrin. 

MarertAts.—Purified scabrin was incorporated in 
refined kerosene sprays together with one of the 
following materials:! 2,2'-methylenebis-(4-methy]-6- 
tert butylphenol), known as antioxidant 2246; di- 
tert butyl-p-cresol; mono-tert-butyl-m-cresol; a mix- 
ture of isopropyl cresols, a byproduct of thymol 
manufacture, known as Phenol $; and hydroquinone. 
Each of the first four compounds was used in the 
scabrin solution at the rate of 1 mg. per milliliter. 
Hydroquinone, being less soluble than the other 
materials, was used at saturation. Also included in 
this study was one spray containing scabrin alone. 
In all tests scabrin was used at 2 mg. per milliliter. 

In addition, the antioxidants alone were incorpo- 
rated in refined kerosene sprays at the same concen- 
trations as above to determine whether such sprays 
were toxic. 

All sprays were held in amber bottles in a cup- 


1 Supplied by Martin Jacobson, Bureau of Entomology and 
Plant Quarantine. 


board at room temperature for the duration of the 
study. 

ProcepurE.—The tests were made by the Camp- 
bell turntable method on adult laboratory-reared 
house flies, Musca domestica L., about 2 days old. 
Approximately 100 flies were used in each test. The 
sprays were tested as a series in 1 day—when freshly 
prepared, then weekly for the first 3 weeks, and then 
at progressively longer intervals. Each series of tests 
included four replicates for each spray. 

A fresh scabrin spray could not be included in the 
first four series, since the number of tests in the first 
series was the maximum number that could be made 
at one time. After it had been decided that the loss 
in toxicity of the scabrin spray was definite, a freshly 
prepared spray was substituted for it in each series. 

The sprays containing the antioxidants alone 
were tested twice. 

Resutts.—The mortality data are summarized 
in table 1. An analysis of variance was run on the 
mortalities in each series to determine whether any 
differences found in mortality for a particular mix- 
ture, when compared with the scabrin spray, were 
significant. The amount required for significance is 
shown in table 1. 

The antioxidants alone were relatively nontoxic 
at the concentrations used when tested with py- 
rethrin as the standard. 

Discussion.—In the first tests with freshly pre- 
pared spray the difference in mortalities between the 
scabrin spray and the mixtures was significant. 
Either scabrin at nigh concentrations tends to lose 
toxicity, as previously noted (Gersdorff and Mitlin 
1952), or the antioxidants exert a slight synergistic 
effect. 

After 1 week no differences were shown. However, 
tests made after 2 weeks’ storage again showed a 
significant difference in mortalities between scabrin 
and the mixtures, except for the one containing 
hydroquinone. This inconsistency with the previous 
series may result from the heterogeneity between 
the different populations of flies, and from the effort 
to show small differences with so few replications. 
However, it may also result from depreciation of the 
scabrin spray after 2 weeks. 

At the end of 7 weeks the scabrin alone caused 
markedly lower mortality than the mixtures. In 
the first three series the mixtures did not differ ma- 
terially from one another. However, in the next 
three, that is, in the interval of 7 to 28 weeks’ 
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storage, the results indicated depreciation in the 
spray containing di-tert-butyl-p-cresol. In the last 
two series, that is, after 50 and 79 weeks’ storage, 
this depreciation was definitely shown for this spray. 
(ll the other mixtures in the four series made after 
7 weeks maintained their high level of effectiveness 
and were equal to fresh scabrin within experimental 
error. It is probable there was no synergism in these 
mixtures as first indicated. To decide this, tests 
designed specifically to determine synergism would 
be necessary. 

Conciusions.—The compounds 2,2’-methylene- 
his-(4-methyl-6-tert-butylphenol) (antioxidant 2246), 
mono-tlert-butyl-m-cresol, Phenol S (a mixture of 
isopropyl cresols, a byproduct of thymol manu- 
facture), and hydroquinone effectively stabilized 
scabrin in kerosene sprays for a period of 1} years. 
1i-tert-butyl-p-cresol apparently was effective for a 
shorter period. Depreciation of its mixture was 
demonstrated statistically after 11 weeks. 
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Toxicity of Vapors of Four Chlori- 
nated Hydrocarbon Insecticides to Re- 
sistant House Flies!” 


H. G. Witson, J. B. Ganan, and W. C. Mc- 
Durrig, U.S. D. A., Agr. Res. Adm., Bureau 
of Entomology and Plant Quarantine 


DDT and other chlorinated hydrocarbon insecti- 
cides have been used extensively for the control of 
house flies, Musca domestica L., throughout central 
Florida since World War II. All these insecticides 
were highly effective for several years, but at pres- 
ent none of them will provide effective control of 
house flies either as residual or as space sprays. 
Laboratory tests of the flies from various dairies 
in comparison with nonresistant laboratory-colony 
flies have confirmed the fact that natural populations 
are resistant to residual and space sprays of all the 
chlorinated hydrocarbon insecticides, which ac- 
counts for their ineffectiveness in control operations 
Gilbert et al. 1952). 

Since lindane, chlordane, dieldrin, and aldrin are 
fumigants as well as contact insecticides, it was 
thought that this characteristic might be utilized 
to control house flies despite their resistance to 
residual and space sprays of these insecticides. In- 
formation on the fumigating action of insecticides is 


! This work was conducted at the Orlando, Fla., laboratory of 
the Bureau of Entomology and Plant Quarantine under funds 
alloted by the Department of the Army to the Bureau. 

? The writers wish to thank T. B. Hester for his assistance in 
conducting the routine duties connected with this research, 
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of special significance since a number of lindane and 
DDT vaporizers have recently appeared on the 
market. A series of tests was therefore conducted 
in 1952 to determine whether flies resistant to con- 
tact with these insecticides were also resistant to 
their fumigating action. 

One nonresistant and three resistant strains of 
flies were included in the tests. Two of the resistant 
strains were laboratory-reared, and the other con- 
sisted of collections of wild flies from a local dairy 
(Ballard). The dairy had been treated frequently 
with residual and space sprays of lindane during the 
summer of 1951, but the treatments were relatively 
ineffective. Late-season applications of DDT, 
methoxychlor, CS-708, and Lauseto neu (chloro- 
methyl p-chlorophenyl sulfone) were completely 
ineffective in this dairy. Laboratory residue tests 
showed these flies to be highly resistant to lindane 
and DDT (table 1). 

One of the laboratory resistant colonies (Orlando 
No. 1) was developed from the nonresistant labora- 
tory colony and has been maintained since January 
1946. Each generation of this colony has been 
sprayed with DDT to build up and maintain a high 
level of resistance. At the time of the tests reported 
herein (112th generation) this colony was so resist- 
ant that more than 1500 times as much DDT was 
required to kill 40 per cent of the adults as was re- 
quired to kill 90 to 95 per cent of the nonresistant 
laboratory strain. This colony has been exposed 
only to DDT, but has acquired some cross-resist- 
ance to lindane, dieldrin, and chlordane. 

The other laboratory resistant colony (LDD) was 
started in 1951 with flies collected from two local 
dairies where control could not be obtained with 
DDT, dieldrin, or lindane. Since that time resistance 
to these chemicals has been maintained by continu- 
ously exposing panels treated with 5 mg. each of 
lindane and dieldrin and 12.5 mg. of DDT per square 
foot in the adult-holding cages. Freshly treated 
panels are introduced every week. Laboratory resi- 
due tests showed this colony to be considerably 
more resistant to lindane and dieldrin than the 
Orlando No. 1 or the regular colony but much less 
resistant to DDT than the No. 1 colony (table 1). 

The fumigation tests were conducted in a plywood 
box 32 inches square, fitted with a top in which were 
49 round holes slightly larger than the diameter of 
a standard cylindrical screen-wire cage. Each hole 
was fitted with a removable cover with a short length 
of wire attached for suspending the cage in the box 
without contacting the inside surfaces. A piece of 
cheesecloth impregnated with 12 grams of the toxi- 
cant was placed inside the box over a coarse wire 
screen about a foot square. With all openings in the 
top of the box closed, a 6-inch fan was allowed to 
blow over the treated cloth for 15 hours to assure 
a maximum concentration of vapor in the air. The 
fan was turned off 1 hour before the exposures were 
scheduled to allow any solid particles to settle. 
Caged flies were exposed inside the box at 80° F. 
for periods ranging from 15 minutes to 24 hours, 
after which they were removed from the box, given 
food and water, and held at the same temperature 
for the completion of the 24-hour period. Each test 
was repeated on another day. Results of the tests 
are given in table 1. 

The degree of resistance of the various colonies 
to the vapors of the four insecticides was fairly close- 
ly correlated with their resistance to residues of 
lindane. The Ballard flies were the most resistant 
to lindane residues and also to lindane vapors. They 
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Table 1.—Toxicity of vapors of chlordane, lindane, dieldrin, and aldrin to resistant and nonresistant 


strains of house flies. 








Per Cent Mortaity 24 Hours Arrer BEGINNING OF THE 


InpIcaTED Exposure Periop 


LT-50 in Minutes 





’ 15 30 1 2 4 8 24 Vapor Residue 
CoLoNy Minutes Minutes Hour Hours Hours Hours Hours Tests Tests! 
Chlordane 
Nonresistant (regular) strain 24 54 62 84 96 98 100 33 - 
Resistant strains: 
Orlando No. 1 6 20 42 66 98 98 100 69 —_ 
LDD 2 + + 8 38 36 100 347 — 
Ballard 6 4 8 6 24 34 100 380 _ 
Lindane 
Nonresistant (regular) strain 28 76 78 94 100 100 100 25 10.9 
Resistant strains: 
Orlando No. 1 2 10 58 82 100 100 100 58 16.4 
LDD + 4 14 24 48 66 100 173 65.6 
Ballard 8 16 16 20 32 38 94 316 229.3 
Dieldrin 
Nonresistant (regular) strain 20 58 66 78 80 4 98 40 <i 
Resistant strains: 
Orlando No. 1 4 $ 8 42 94 100 100 110 9.1 
DD 6 12 8 8 24 30 86 550 >120 
Ballard 12 12 10 14 18 30 86 550 _— 
Aldrin 
Nonresistant (regular) strain 80 84 88 98 100 100 100 <15 ae 
Resistant strains: 
Orlando No. 1 18 66 100 100 100 100 100 23 
.DD 2 12 30 82 36 88 98 158 -- 
Ballard 12 20 46 38 60 92 100 96 — 
DDT 
Nonresistant (regular) strain — — — 9.0 
Resistant strains: 
Orlando No. 1 —_ — -~ — - - _ ca.1,440 
LDD - >240 
Ballard —- — -— $43.4 





1 LT-50’s as residues are included merely as a general indication of the relative resistance of the different colonies. 


were slightly more resistant than flies of the LDD 
colony to vapors of chlordane and slightly less 
resistant to vapors of aldrin, but there was no differ- 
ence in their resistance to vapors of dieldrin. Ballard 
and LDD flies were both more resistant to vapors 
of all four insecticides as well as to lindane residues 
than were regular flies or flies of the Orlando No. 
1 colony. 

Flies of the Orlando No. 1 colony exhibited slight- 
ly more resistance to residues of lindane and dieldrin 
than did the regular colony, and also showed slightly 
greater resistance to the vapors of the four insecti- 
cides. It would appear, therefore, that a high degree 
of resistance to DDT alone had very little deterrent 
effect on the toxicity of vapors of lindane, chlordane, 
dieldrin, or aldrin. 

The vapors of aldrin appeared to be slightly more 
toxic to all four strains of flies than were those of 
lindane, chlordane, or dieldrin. However, an 8- 
hour exposure to aldrin vapor was insufficient to 
kill all the LDD and Ballard flies, and an exposure 
of 4 hours was necessary to give 100 per cent mortal- 
ity of regular-colony flies. Dieldrin and chlordane 
failed to cause total mortality of the LDD, Ballard, 
and regular flies after 8 hours, but gave complete 
or almost complete kills of those of the Orlando No. 
1 colony. Dieldrin also failed to cause 100 per cent 
kill of the same three colonies in 24-hour exposures, 
but chlordane was completely effective against all 
colonies at this exposure. 

Exposure times required to cause complete mor- 
tality were too long to justify the conclusion that 
these materials could be used successfully as fumi- 
gants against resistant or nonresistant flies in build- 
ings where flies can readily enter or leave, 


SumMary.—Laboratory studies in 1952 with non- 
resistant house flies (Musca domestica L.), flies resist- 
ant to DDT only, and flies resistant to several chlori- 
nated hydrocarbon insecticides showed that their 
resistance to vapors of lindane, chlordane, dieldrin, 
and aldrin was closely correlated with their resist- 
ance to residues of lindane, less closely with resist- 
ance to residues of DDT. The exposure times re- 
quired to cause mortality were too long to justify 
the conclusion that these materials could be used 
as vapors to control resistant flies. 


LITERATURE CITED 
Gilbert, I. H., M. D. Couch, and W. C. McDuffie. 
1953. Development of resistance to insec- 
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Sensitivity to DDT of Nerve Ganglia 
of Susceptible and Resistant 
House Flies 


JoHN J. Pratt, Jr.,! and Frank H. Bapers, 
U.S.D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine, 
Beltsville, Maryland 


House flies, Musca domestica L., that are resistant 
to DDT can metabolize greater quantities of DDT 
in a given time than can susceptible flies. The prin- 
cipal metabolic product is DDE, the ethylene deriva- 

1 Present address: Chemicals and Plastics Branch, Research 


and Development Division, Office of the Quartermaster General, 
Washington, D. C, 
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tive of DDT, which is much less toxic to house flies. 
There is disagreement in the literature as to whether 
the greater ability of resistant flies to metabolize 
DDT is a cause or an effect of resistance (Chadwick 
1952). A significant fact against metabolism as the 
cause of resistance is that the tissues of resistant 
flies showing no symptoms of poisoning may contain 
quantities of DDT many times greater than those 
that would be lethal to susceptible flies (Perry & 
Hoskins 1951; Winteringham eft al. 1951). It is prob- 
able, then, that some mechanism inhibits the poison- 
ing of resistant flies by DDT, and that differences 
in ability to metabolize may be associated with the 
degree to which the fly is poisoned. No data are 
available concerning the comparative abilities of 
susceptible and resistant flies to metabolize DDT 
when in the same stage of poisoning. 

Since DDT can be present in the tissues of resist- 
ant flies, presumably at the sites of poisoning action, 
and yet not poison the flies, it is of interest to in- 
vestigate the comparative susceptibility to DDT 
poisoning of nerve tissue of susceptible and resistant 
flies. 

Adult female house flies 3 days old were 
sealed to a block of beeswax ventral side up, under 
carbon dioxide anesthesia, and five legs removed, 
a metathoracic leg being left intact. The integument 
vas cut transversely anterior to the metathoracic 
legs, with care not to sever the nerve to the intact 
leg, then anteriorly along each side of the thorax. 
The integument was then carefully dissected away 
from underlying tissues in order to expose the fused 
thoracic ganglion. To expose the ganglion com- 
pletely, it was necessary to free its posterior end 
from a surrounding apodeme. The head of the fly 
was usually removed for convenience of manipula- 
tion, but failure to sever the brain had no obvious 
effect on the gross response used as a criterion of 
poisoning. Preparations remained in good condition 
for several hours when kept in a moist chamber, 
particularly if a small quantity of Hobson’s saline 
(Hobson, 1928) was applied immediately after dis- 
section. 

The ganglion was poisoned by applying a DDT 
solution directly to its surface, and tremoring in the 
attached leg was used as the criterion of poisoning. 
Since large quantities of DDT were required to cause 
sufficient poisoning of ganglionic tissue to produce 
leg tremors within a short time after application, the 
necessity of containing the DDT in as small a 
quantity of liquid as possible presented difficulties 
in selecting a solvent. Solutions of DDT in corn oil 
were unsatisfactory, because poisoning action was 
slow and the tremoring leg frequently became con- 
taminated with the solution. It is of interest to note 
that leg tremors produced by corn oil solutions of 
IYDT decreased in intensity and occasionally ceased 
when the solution was washed from the ganglion 
with saline. 

The most satisfactory preparation of DDT was an 
emulsion made from a stock solution containing 10 
per cent each of DDT and Triton X-100 in Cello- 
solve. Immediately before use an emulsion was pre- 
pared by delivering the required amount of DDT 
solution into Hobson’s saline under vigorous agita- 
tion in a mechanical blender. Emulsions containing 
up to 1 microgram of DDT per cubic millimeter re- 
mained stable for two hours or longer. An emulsion 
without the DDT, applied to the ganglion, caused no 
activity in the attached leg. One cubic millimeter of 
emulsion, the maximum amount that could be ap- 
plied without apparent spreading to other tissues, 
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was delivered from a micrometer-driven syringe di- 
rectly onto the surface of the ganglion. Although the 
DDT emulsion was applied to the ganglion, the pos- 
sibility of its site of action being other exposed nerve 
tissue is not excluded. 

In the first series of experiments 0.57 microgram 
of DDT was applied to the ganglion. The quantity 
of DDT was later increased to 1.14 micrograms in 
order to obtain a poisoning response in all the sus- 
ceptible flies within 5 minutes. Beginning 5 minutes 
after the poison was applied, the number of flies 
showing tremors in any segment of the leg was re- 
corded at 10-minute intervals up to 60 minutes at 
the 0.57-microgram dosage level and 120 minutes 
at the 1.14-microgram level. Five susceptible and 
five resistant flies were observed in each experiment 


(Table 1). 


Table 1.—Duration of leg tremors after ap- 
plication of DDT to the compound thoracic gang- 
lion of house flies. Five susceptible and 5 resist- 
ant flies in each test. 











Ratio or NUMBER 
TREMORING AT 5 
Minutes TO NUMBER 














Micro- PERIOD OF TREMORING AT 60 
GRAMS OBSERVA- oR 120 MiInvuTES 
or DDT TIONS — 
AppLIED (MunuteEs) Susceptible Resistant 
0.57 60 4/5 2/0 
4/2 3/0 
4/4 4/1 
5/4 3/1 
5/4 4/2 
Total 22/19 16/4 
1.14 120 5/5 5/3 
5/4 1/0 
5/5 3/1 
Total 15/14 9/4 





It is obvious from the data in table 1 that (1) 
symptoms of poisoning appeared within 5 minutes 
after treatment in more susceptible than resistant 
flies, and (2) fewer resistant than susceptible flies 
had poisoning symptoms when observed at a given 
time after treatment. The observations suggest that 
ganglionic tissue of resistant flies is not as susceptible 
to DDT poisoning as that of susceptible flies; and 
that ganglionic tissue of resistant flies can recover 
from DDT poisoning more rapidly than can that of 
susceptible flies. 

It is difficult to correlate the theory of detoxifica- 
tion of DDT to DDE as the cause of resistance 
with the first observation, since it is improbable that 
the DDT would be detoxified so rapidly as to pre- 
vent the appearance of symptoms after direct ap- 
plication to the ganglion. In no case, once tremors 
began, did they cease before the start of the selected 
observation period 5 minutes after the application 
of the toxicant. This would also rule out the pos- 
sibility that the metabolic product DDE might 
serve to block the action of DDT. The more rapid 
recovery of the resistant flies is probably due to de- 
toxification of the DDT, but does not necessarily 
indicate a faster rate of detoxification in resistant 
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flies. It is probable that the dosage threshold for 

poisoning by DDT is higher in resistant than in 

susceptible flies and that the threshold had not been 
reached in those flies that showed no symptoms at 

5 minutes. In poisoned flies detoxification would 

result in cessation of symptoms sooner in resistant 

than in susceptible individuals. 
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The Toxicity of Aldrin, Dieldrin, and 
Toxaphene to Rabbits by Skin 
Absorption 


Barsara L. Jounston and W. G. EpEN 
Alabama Polytechnic Institute, Auburn 


Aldrin, dieldrin, and toxaphene are widely used 
as insecticides for the control of cotton insects in 
Alabama. There has been considerable inquiry from 
applicators as to which of the compounds was the 


safest to handle. This concern about the relative 
toxicities of the insecticides prompted research on 
their toxicities by skin absorption. 

Several investigators have reported on the toxicity 
of aldrin to warm-blooded animals. Lehman (1949) 
stated that aldrin was readily absorbed through the 
skin and was the most toxic of all insecticides from 
that standpoint. He also reported the acute oral 
dose of aldrin to lie between 30 and 80 mg./kg. 
Kitselman eft al. (1949) administered aldrin in 
edible oil to albino rats and found the acute LD-50 
to be 40 to 50 mg./kg. Arant (1952) reported the 
results of acute toxicity tests by oral ingestion to 
chickens. The LD-50 was found to be between 10 
and 15 mg./kg. of body weight. 

Hayes ef al. (1951) reported results of experiments 
with acute and chronic doses of dieldrin to rats. 
Twenty-five per cent wettable powder formulations 
were used. Eight of 10 rats receiving a single dose of 
400 mg./kg. died in 4 to 11 days and lost an average 
of 20 per cent of their original body weights. Eleven 
of 15 rats receiving the powder at the rate of 20 
mg./kg. daily, five days per week, died after receiv- 
ing an average of eight doses each, and lost 30 per 
cent of the original body weight. Hayes et al. (1951) 
applied dieldrin in xylene solutions to the skin of 
rabbits. The LD-50 was 184 mg. per kg. of body 
weight, with confidence limits of 139 and 243 mg./kg. 
at the 5 per cent level of probability. Eden (1951) 
reported the results of experiments on the acute 
toxicity of dieldrin by oral ingestion to 3- and 6- 
week old chickens. The LD-50 for both age groups 
was between 20 and 30 mg./kg. of body weight. 

The toxicity of toxaphene to warm-blooded ani- 
mals has been reported by several investigators. 
Batte & Turk (1948) in studies on the toxicity of 
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toxaphene by acute oral doses to dogs stated that 
20 mg./kg. did not produce death but did cause 
convulsions. Parker & Beacher (1947) found by 
patch test studies on 200 unselected human subjects 
that toxaphene was neither a skin irritant nor a 
skin sensitizer. However, Harfield (1949) stated 
that it was moderately irritating to the skin, was 
absorbed through the skin, and that over 2.4 grams 
daily on the skin was dangerous. He estimated the 
fatal oral dose to man was 2 to 6 gm./kg. of body 
weight. 

Procepurr.—Test animals were 2- to 3-pound 
rabbits purchased from a commercial source. The 
rabbits were weighed and dipped in varying concen- 
trations of wettable powder suspensions in water of 
aldrin, dieldrin, and toxaphene. The dipping pro- 
cedure consisted of immersing a rabbit up to the 
neck in a specific volume of a known concentration 
of insecticide. The operation was done by two per- 
sons, one holding the rabbit in the formulation while 
the other kept the suspension agitated and rubbed 
into the hair of the animal. The rabbit was kept in 
the formulation for 2 minutes. When the rabbit 
was removed from the dip, the remaining volume 
was measured. The loss of volume of the insecticidal 
formulation provided the means of calculating the 
amount of insecticide deposited on the animal. After 
they were dipped, the rabbits were held in stocks for 
2 hours to dry and to prevent licking. After the ani- 
mals were dry, they were covered up to the necks 
in cloth bags which allowed ample room for moving 
about in the cages, eating, drinking, and elimination. 
Covering the animals in this manner prevented them 
from licking their bodies and ingesting the insecti- 
cides. 

Treated animals were placed in individual cages 
and observed for 3 days for symptoms of toxicity. 
Post mortem examinations of several rabbits in 
each treatment were made to determine the damage 
to internal organs. 

Resu.ts.—Symptoms of poisoning were the 
same for all three insecticides. They were loss of 
appetite, extreme nervousness, and convulsions. 
Typically, a convulsion followed a gradual build- 
up in nervousness. The poisoned animal! would run 
wildly about the cage, grit its teeth, fling itself 
against the cage, and finally fall on its side. While 
on its side, the animal would kick vigorously and 
stretch the head backwards over the back. The 
muscular spasms lasted 3 to 10 minutes, followed by 
a half hour of relaxation and hard breathing before 
recovery. 

Results of the tests with aldrin are presented in 
table 1. There were no deaths at dosages up to 15.10 
mg./kg. All rabbits receiving doses higher than 21.58 
mg./kg. died. It was concluded that the LD-50 
was between 15 and 25 mg./kg. of body weight. 
Autopsies revealed no noticeable abnormalities of 
the liver, lungs, and kidneys. There was slight 
hemorrhage in the subcutaneous tissue of the back 
and slight dilation of the veins in the intestines. 
Bloody froth was evident around the mouth and 
nose. ‘ 

Results of the tests with dieldrin are presented in 
table 1. These data plotted in a dosage-mortality 
curve showed that the LD-50 was between 400 
and 450 mg./kg. Autopsies revealed that the liver, 
lungs, heart, and kidneys were normal. There were 
slight hemorrhages in the subcutaneous tissues of 
the back and some dilation of the veins in the in- 
testines. A bloody froth was evident around the nose 
and mouth. 
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The results of the studies on toxaphene are 
shown in table 1. These data plotted in a dosage- 
mortality curve place the LD-50 hetween 1025 and 
1075 mg./kg. Autopsies revealed dilation of the veins 
and hemorrhages in the intestines. The liver was 
pale and mottled but the kidneys appeared normal. 

Summary.—The toxicity of aldrin, dieldrin, and 
toxaphene to rabbits by skin absorption was deter- 
mined by immersing rabbits in water suspensions 
of wettable powders. The LD-50 of aldrin was 15 
to 25 mg./kg.; of dieldrin, 400 to 450 mg./kg.; 
and of toxaphene, 1025 to 1075 mg./kg. Symptoms 


Table 1.—Acute toxicity of aldrin, dieldrin and 
toxaphene wettable powder formulations in 
water to rabbits by skin absorption. 











DOSAGE OF 
ALDRIN - — 
Ka. Dipped Killed 


NUMBER OF RABBITS 
-— - Per Cent 
MortTAaity 
0 0 
0 0 
0 0 
0 0 
100 
100 
100 
100 


52 
2.20 
5.09 
5.10 

.o8 

. 60 

61 

91 
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Mean DosaGe 
oF DIELDRIN 
Ma./Kge. 
190.53 
300.20 
470.49 
673.00 
780.10 
Mean DosaGe 
or TOXAPHENE 


Ma./Ke. 


$72.33 
773.83 
1074.30 
1098 . 94 


Sr Gr 


Or or 





of poisoning for all three insecticides were loss of 
appetite, extreme nervousness, convulsions, and 
muscular spasms. 
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Swaine Jack-Pine Sawfly in Wisconsin 


Danret M. Bensamin! and NorsBert B. 
UNDERWOOD? 


Cocoons of an unknown sawfly were collected 
beneath defoliated jack pine in the Sauk County 
Forest near Lone Rock, Wisconsin, on March 29, 
1952.8 Adult specimens reared from these cocoons 
were identified as Neodiprion swainet Midd. by 
the senior author. This collection record is of especial 
interest, as it represents the first report of this 
species in Wisconsin and an extension of its range to 
the south. Previous reports near Wisconsin have 
been from southeastern Manitoba and Saulte St. 
Marie, Ontario, Canada.‘ 

Adult sawflies weie observed ovipositing at the 
base of half-grown needles of jack pine early in June. 
First- and second-instar larvae were feeding gregari- 
ously on the old-growth needles early in July; fourth- 
and fifth-instar larvae were present during late 
July. 

Reconnaissance surveys indicated that the infes- 
tation was confined to approximately 400 acres of 
planted jack pine. The red-headed pine sawfly, 
Neodiprion lecontei (Fitch), also was present on jack 
pine and red pine within the infestation area. 

Control operations were conducted on July 15, 
1952, when the majority of the larvae were in the 
second instar. A Stearman airplane was used to ap- 
ply oil sprays containing 1 pound of technical- 
grade DDT per gallon of solution at the rate of 1 
gallon per acre. This project, financed jointly by 
the Wisconsin Conservation Department and 
Sauk County, cost an average of $2.75 per acre 
sprayed. Forty-eight hours after spraying the reduc- 
tion in larval population averaged 96 per cent. 


1U.S.D.A., Agr. Res. Admin., Bureau of Entomology and 
Plant Quarantine. 

2 Forest entomologist, Cooperative Forestry Division, Wis- 
consin Conservation Department. 

3 Collection by C. B. Eaton, A. 
author. 

4 Atwood, C. E., and O. Peck. 1943. Some native sawflies of 
the genus Neodiprion attacking pines in eastern Canada. Canad, 
Jour. Res., Sect. D, Zool. Sci., 21: 109-144. 


a. Drooz, and the senior 
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Peach Tree Borer Control’ 


Diau F. Martin, Texas Agricultural 
Experiment Station 


Paradichlorobenzene crystals (PBD) and ethylene 
dichloride emulsions are generally used for the con- 
trol of the peach tree borer, Sanninoidea eritiosa 
(Say), in Texas. Effective control] may be obtained 
with these fumigants but safer materials and less 
expensive methods of applications are needed. In- 
terest in tree-trunk spraying for the control of the 
peach tree borer resulted following reports by Drig- 
gers & Smith (1944) of reduction in peach borer 
population in experiments using DDT for Japanese 
beetle and oriental fruit moth control. LaPlante & 
Wheeler (1948) showed that DDT applied to trunks, 
crotches and limb bases at 3-week intervals, begin- 
ning with the first hatch, was effective in controlling 
the peach tree borer and that one application of 
benzene hexachloride containing 4 ounces of gamma 
isomer in 100 gallons of water was almost as effective 
as two sprays of DDT. Bobb (1949), using 4 pounds 
of actual DDT in 100 gallons of water, obtained 
effective control with two applications, the first 
in early July and the second in mid-August. His 
results also indicated that parathion used at the 
rate of 1 pound of 25 per cent material in 100 gallons 
of water gave excellent control in an orchard with a 
light infestation and good control in a heavily in- 
fested orchard. 

Snapp (1950) reported ineffective control with 
DDT and benzene hexachloride applied as dusts to 
the trunk and lower part of large limbs. Benzene 
hexachloride dust applied in a continuous band 
around the base of the tree and covered with soil 
was also unsatisfactory. Single applications of a 
number of chlorinated hydrocarbons and 2 phos- 
phorous compounds sprayed on the trunks and lower 
limbs, were not effective. Three applications of 8 
pounds of 6 per cent gamma isomer of benzene 
hexacloride in 100 gallons of water were about as 
effective as the recommended fumigant-type treat- 
ments. 

Metuops AND MarteriAts.—Tests were started 
in 1951 near Jacksonville, Texas, on 6-year-old 
peach trees to determine the effectiveness of tree- 
trunk applications of DDT, chlordane, EPN, diel- 
drin, and lindane. Two soil fumigants, PDB and 
ethylene dichloride emulsion, were included in these 
tests. The dosages used are shown in table 1. The 
spray applications were made at monthly inter- 
vals beginning July 17, utilizing a conventional 
orchard sprayer operating at 400 pounds of pressure. 
A single-nozzle spray gun was used to direct the 
spray against all sides of the tree trunk from the 
crotch to the ground level. Two to 3 quarts of spray 
were required to cover each tree trunk. 

Plots, each consisting of three trees, were selected 
at random to receive applications of each of the 
seven insecticides tested. The trees within each 
plot were randomized and each tree was treated 
with one of the following schedules using each in- 
secticide: (1) one application, July 17, (2) two ap- 
plications, July 17 and August 21, and (3) three 
applications, July 17, August 21 and September 22. 
All treatments were replicated 6 times. An un- 
treated check plot was included in each replicate. 
Ethylene dichloride emulsion and PDB treatments 
were applied November 17, 1951. 


1 Technical Contribution No. 1728, Texas Agricultural Ex- 
periment Station. 
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Table 1.—Results of insecticidal tests for the 
control of the peach tree borer, Jacksonville, 
Texas, 1951-52. 








NUMBER 

——— AveraGE Per Cent 
Applica- Borers’ Repvc- 
tions Trees PERTREE TION 


Sprays 


MATERIALS 
PER 100 GaL. 
or WATER 


DDT, 8 pounds, 6 
0% WP! 6 
6 


ou 
ee ~) 


Chlordane 2.5 pounds 6 
of 40% WP 6 
: 6 


woes 
woes 


EPN, 1 pound 
25% WP 


wO~2 Dw 


6 
6 
6 


Dieldrin, 2 pounds 6 
25% WP 6 
6 


ofu 


Lindane, 1 pound 6 
25% WP 2 6 
6 


Fumigants 


PDB, 1 ounce per tree l 


Ethylene dichloride 
emul. 0.5 pint 25% 
emul. per tree 


Untreated check 





1 Wettable powder. 


Counts of borers were made in June, 1952. All 
examinations consisted of removing the soil from 
the immediate vicinity of the tree trunk down to a 
depth of several inches. Cuts were made into the 
bark and cambium at all points below the ground 
level where indications of borer damage could be 
observed. The borers were removed from each tree, 
counted and preserved in 80 per cent alcohol. No 
attempt was made in this count to separate the spe- 
cies of peach tree borers. 

Resvutts.—Results of these experiments are shown 
in table 1. A reduction of the borer population was 
noted on all trees receiving one or more applications 
of the insecticides. As the number of spray applica- 
tions was increased, infestation of borers decreased. 

SummMary.—The borer population was reduced 
95 per cent or more in all trees receiving 3 applica- 
tions of lindane, DDT and dieldrin. The borer reduc- 
tion on trees receiving two applications of DDT and 
lindane showed 92 per cent or more reduction. Less 
than 90 per cent reduction in borer population was 
obtained with three applications of chlordane and 
EPN. Trees receiving one application of EPN had 
less than a 50 per cent reduction of the borer popu- 
lation. Paradichlorobenzene and ethylene dichloride 
emulsion gave 95.5 and 97.5 per cent borer reduction 
respectively. 
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An Ecological Study of Three Species 
of Mites on American Linden 


Water C. Arcurson University of Maryland, 
College Park 


During July and August, 1952, the foliage of 
lindens on the campus of the University of Maryland 
turned brown or rusty prematurely. Examination 
disclosed three mites and one aphid numerous on 
the leaves. The aphid secreted honey dew upon which 
a sooty mold was growing. This aphid was Therio- 
aphis tilia (L.).! The mites? were Typhlodromus sp., 
a predator, Czenspinskia lordi Nesbitt, which fed 
on vegetable matter, particularly on the sooty mold, 
and Tetranychus canadensis (McGregor). Near the 
top of the trees there was a severe thinning out of 
the foliage due to the feeding of 7’. canadensis. Many 
of the leaves fell earlier than usual. The mites did 
not feed in large numbers on the lower foliage. 

Typhlodromus sp. is visible to the unaided eye and 
is a light color or almost transparent. Czenspinskia 
lordi is yellowish in color, with two or three distinct 
spots on the dorsum caused by laterally placed “oil” 
or excretory glands. T. canadensis, in the overwinter- 
ing stage, is a bright orange color. It is similar to 7. 
schoenet McGregor. All of the mites were found on 
the underside of the leaves. 

A sample of 50 leaves was taken from three trees 
on six different days to determine the population 
count. Czenspinskia lordi was found to be most 
numerous. There were from 25 to 200 of these mites 
on a leaf. Typhlodromus sp. was not as abundant. 
There were from none to 12 on the leaves. 7. cana- 
densis was found only occasionally. 

Czenspinskia lordi was found in the pronymphal 
stage in September. The average length of a female 
was .25 mm. No males were found, and there were 
no eggs that produced C. lordi. Parthenogenesis 
was possible. T'yphlodromus sp. was also found in 
different stages of its life cycle, although as in the 
case of C. lordi no eggs were found. Attempts to 
raise the mites in the laboratory met with failure 
due to the aging of the leaves. C. lordi was found in 
large numbers on the branches of the leaves during 
the middle of October and Typhlodromus sp. was 
found overwintering in the adult stage on the trunk 
of the trees. 

During the latter part of October and November, 
(Czenspinskia lordi was found overwintering under the 
hark on the limbs in round, almost flattened cases. 
These cases are light brown in color. There were 
several nymphs in one case. However, the mite 
was also found overwintering alone. Samples of the 
soil taken from around the base of the trees produced 
T’. canadensis in the adult form. No eggs were found 
at this time. 

The greatest damage by the mites was in the 
upper part of the trees where a severe thinning of 
the leaves occurred. The build-up of mites reached 
a peak by mid-July. Therioaphis tilia (L.), an aphid, 


! Det. by Louise Russell, U.S.D.A., Bureau of Entomology 
and Plant Quarantine. 

? Det. by E. W. Baker, U.S.D.A., Bureau of Entomology and 
Plant Quarantine. 
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was an important factor in sustaining Czenspinskia 
lordi. The aphids, feeding on the leaves, secreted 
honey dew that turned black on the leaves. The 
honey dew supported the growth of fungi. C. lordi, 
a vegetable feeder, thrived on this. The predator, 
Typhlodromus sp., was thought to feed on the nymphs 
and adults of C. lordi and T. canadensis, although 
this was not observed. The mites were not controlled 
by this predator. 
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Control of Green June Beetle Larvae 
in Alfalfa Fields with Parathion 


C. B. Dominick, Field Station, Va. Agr. Expt. 
Sta., Chatham 


During recent years larvae of the green June 
beetle, Cotinis nitida (L.), have become an important 
pest in alfalfa fields in Southside, Virginia. Alfalfa 
grown on light sandy soil types relatively high in 
organic matter are more susceptible to infestation 
by the insect than where the crop is grown on stiff 
heavy soils. The larvae feed largely on organic 
matter on, or near the soil surface and heavy in- 
festations pulverize the soil. Characteristic surface 
activity is most noticeable during the spring and 
early fall when the grubs are in the third instar 
and feeding is rather extensive. It is the practice 
of many growers to top-dress alfalfa with barn- 
yard manure during the winter months, thus pro- 
viding favorable oviposition conditions for the 
green June beetle. In established stands of alfalfa 
the extent of the damage, other than the depletion 
of the soil of organic matter and probably providing 
conditions more favorable for greater water losses, 
has not been determined. A new stand of alfalfa on 
heavily infested soil is often greatly reduced or com- 
pletely destroyed during the spring and fall, particu- 
larly during dry periods when the seedlings are small 
and making little growth. 

During mid-October 1952, an experiment was 
conducted near Chatham, Virginia, in a relatively 
heavily infested established stand of alfalfa which 
had recently been clipped. The green June beetle 
larval population as indicated by surface activity 
was relatively uniform. 

MarTerIAL AND Metuops.—Parathion was used 
in two formulations: a 0.75 per cent parathion dust 
and a 0.75 per cent parathion on granular tobacco. 
To provide for better distribution and to prevent 
drifting, the required amount of parathion drst for 
each plot was mixed with an equal weight of moist 
sand. The materials were applied broadcast by hand 
on October 16 following a light rain. 

The plots were 18 feet square, and were replicated 
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four times in a randomized-block design. A buffer 
zone 4 feet wide separated plots on all sides. The re- 
sults were determined by collecting the dead and 
morbid grubs from a 1 square yard area located in 
the center of each plot. A 2-inch barrier was placed 
around the areas selected for sampling to discourage 
migration. Larvae were collected and counted daily 
for the first 3 days and at intervals of 2 days for the 
following 4 days. The final counts were made by the 
use of a parathion drench, 8 ounces of 15 per cent 
wettable powder in 25 gallons of water, applied at 
the rate of 1 gallon per square yard. Although it is 
highly probable that not all larvae come to the sur- 
face, it is believed that such a method gives a fairly 
accurate picture of the infestation and the degree of 
control obtained. 

Discussion AND Resutts.—The results are pre- 
sented in table 1. Under the conditions of the experi- 
ment, parathion gave effective control although the 
treatments were applied rather late in the season. 
The data indicate that the parathion dust-sand mix- 
ture and parathion on granular tobacco gave a simi- 
lar reduction in green June beetle larvae after 7 days. 
Both formulations were more effective at 0.75 
pound per acre than at one-half this dosage. The 
largest number of larvae were found on the soil sur- 
face the first day following the 0.75 pound treat- 
ment, while this was true on the second day for the 
0.375 pound dosage. A high percentage of the larvae 
were collected on the soil surface the first 3 days fol- 
lowing treatment. 


Table 1.—Comparative tests with parathion for 
the control of third instar green June beetle lar- 
vae in alfalfa fields. 





AVERAGE Nomemnoe 
LarvAE Recoverep 


Afte r 

Applying 

Soil  Parathion 
Surface Drench 


Per Cent 
Repvuc- 
TION 
FORMULATION 7 Days 


TREATMENT! 
Parathion 
0 75 Granular 
. 75 Dust-sand 
375 Granular 
0. 375 Dust-sand 
Cc heck 





1 Actual parathion. 


It appears from the data that parathion at the rate 
of 0.375 pound per acre, if applied sufficiently early 
and under favorable conditions will give adequate 
control. As many growers seed or re-seed alfalfa on 
infested soil without being aware of the presence of 
large populations of green June beetle larvae, the 
parathion treatment offers a rapid, effective control 
of the insect under such conditions. 


Maggot Therapy of Actinomycosis' 


Rosert J. Dickr, Department of Entomology, 
University of Wisconsin? 


In the early stages of actinomycosis or lumpy jaw 
appreciable success in arresting the development of 
the disease may be obtained with chemotherapeutic 
agents or X-ray. When the disease reaches an ad- 


1 Approved for publication by the Director of the Wisco sin 
Agric ‘ultural Experiment St ation. 

2 The cooperation of Mr. Edwin A. Gallun, owner of the 
Anchor Point Farms, Nashotah, Wisconsin, is acknow ledged for 
permission to conduct this experiment on their herd sire, 
Argilla Moderator. 
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vanced stage and involvement of the mandible oc- 
curs, treatments are seldom, if ever, successful even 
in arresting its progress. Such animals are usually 
sent to slaughter. However, with animals valuable as 
breeding stock, any treatment which will arrest the 
disease and prolong the productive life of the animal 
is of considerable economic importance to the 
breeder. The results of maggot therapy in a valuable 
herd sire which had failed to respond to other treat- 
ments are reported in this paper. This procedure was 
suggested by the work of Baer in the treatment of 
human osteomyelitis.* 

Description OF INFECTION.—The animal involved 
was a Guernsey bull six years of age and weighing 
approximately 1300 pounds. An actinomycotic lesion 
had involved the mandible for at least two years 
prior to this study. The disease was clinically diag- 
nosed as actinomycosis, and the etiological agent, 
Actinomyces bovis, was demonstrated.‘ A large bony 
mass about 6 inches in depth and 10 inches in length 
protruded from the mandible and involved the en- 
tire right side of the head. The lesion was a tough 
spongy tumor-like structure which had_ broken 
through the jaw bone and skin. Deep sinuses per- 
forating the osseous structure were plugged with ex- 
crement. Upon uncovering these, a thick yellow pus 
with an extremely foul odor was discharged. Large 
areas of skin at the margins of the mass were de- 
nuded, swollen and inflamed. The eye was closed 
due to the distention of associated tissues. Several 
suppurating lesions occurred in the parotid region. 
Intense irritation was apparent since the animal con- 
stantly rubbed or bumped the actinomycotic growth 
against hard surfaces. The bull was emaciated, in 
very weak condition, respired with difficulty and 
could rise to a standing position only with extreme 
effort. Although the tongue, mouth or throat appar- 
ently were not involved, the animal was unable to 
masticate and swallow food. Involvement of the 
lungs was not determined. 

Procepure.—A breeding culture of the blow fly, 
Phaenicia sericata (Meigen), was maintained on 
medium consisting of equal parts of ground raw liver 
and beef. One half pound of medium was required 
for a culture of approximately 100 larvae. The me- 
dium was contained in a pint sized, waxed paper car- 
ton commonly used for packaging dairy products. 
This carton was enclosed within a 1 gallon sized car- 
ton, the bottom of which was covered with a laver of 
sand for pupation. Upon completion of larval devel- 
opment, mature maggots crawled from the medium 
carton to drop into the layer of sand for pupation. 
Mature flies were fed on fresh liver and a dilute mix- 
ture of honey, water and yeast. Flies oviposited read- 
ily on strips of liver placed on moist filter paper con- 
tained in a Petri dish. First instar maggots (approxi- 
mately 24 hours after eclosion) developed on the 
liver strips were used to inoculate the disease | tissue 
of the animal. A sterile rearing technique, essential 
for human therapy, was not employed. 

Maggots, in lots of several thousand, were applied 
to the diseased area with a spatula. The maggots im- 
mediately burrowed into and became established 
within the deep sinuses of the granulomatous mass 
Upon completion of their development, mature mag- 
gots dropped from the lesions to the ground for pu- 
pation. During the months of October through May, 


3W.S. Baer The Treatment of chronic osteomyelitis with the 
maggot (larva of the blow fly). Jour. Bone and Joint Surg. 13 (3 
438-75. 1931. 

4 Diagnosis by Dr. G. A. Dick, Professor of Veterinary Surgery 
and Obstetrics of the "awe of Pennsylvania, where the 
animal had been treated by X-ray therapy two years previously 
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applications of maggots were made at two week in- 
tervals. Spontaneous infestation by maggots oc- 
curred during the summer months which then in- 
cluded Phormia regina (Meigen) as well as Phaenicia 
sericata, 

Resuuts.—On the day following the initial appli- 
cation of maggots, a copious, purulent discharge oc- 
curred from the sinuses of the principal lesion. Sev- 
eral days later the peripheral swelling and inflamma- 
tion s 1bsided, and the animal was able to masticate 
and swallow food. Within a period of three months, 
the animal’s physical condition and vigor had grad- 
ually improved until feeding and respiration were 
normal, and breeding activity was normal and ac- 
tive. The parotid lesions had healed, and the periph- 
eral tissues including the eye were no longer in- 
volved. The intense irritation so evident before 
treatment apparently was reduced to such a degree 
that the animal no longer rubbed the infected area. 
After a period of 6 months, the bull was reasonably 
normal in vigor and general condition, and was again 
utilized as the principal herd sire. Moderate suppu- 
ration continued from the principal lesion. All pe- 
ripheral inflammation had disappeared, and for- 
merly denuded areas of skin were again covered with 
normal hair. After a year of service (18 months after 
initial treatment), the bull’s semen became markedly 
reduced in viability, and the animal was slaughtered. 
The animal, however, was still vigorous, although 
breathing had become more difficult, along with a 
general emaciation. This terminal condition may 
have been due to an actinomycotic involvement of 
the lungs. 

Conc.Lusions.—Maggot therapy, utilizing septic 
larvae of a blow fly, Phaenicia sericata, was successful 
in arresting an advanced mandibular infection of 
actinomycosis. Results of this treatment were re- 
markable in effecting a rapid initial recovery from a 
moribund condition and extending the animal's life 
to a year’s normal service as a herd sire. 


Effect on the Oriental Fruit Moth of 
Materials Used for Plum Curculio 
Control 
Ouiver I. Snapp, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


Some of the materials included in field-plot experi- 
ments for control of the plum curculio, Conotrachelus 
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nenuphar (Hbst.), on peaches in recent years at Fort 
Valley, Georgia, have value against other injurious 
species, including the oriental fruit moth, Grapho- 
litha molesta (Busck). It has been the practice, there- 
fore, to examine harvested peaches from such plots 
for oriental fruit moth as well as for curculio injury. 
A general summary of the results obtained in 1951 
and 1952 is given below. 

It is seen that parathion and EPN were the most 
effective materials in preventing oriental fruit moth 
injury. Parathion also ranked first in 1949 and 1950. 


Differential Tolerance to Parathion of 
Two Typhlodromus Predatory on 
Cyclamen Mite 


C. B. Hurraker and C. E. Kennett, Depart- 
ment of Biological Control, University 
of California, Albany 


Field population studies on natural control of ey- 
clamen mite on strawberries by Huffaker & Kennett 
(1953) revealed the existence of two or more preda- 
tory mites of the genus Typhlodromus with marked 
differences in tolerance to dust treatments with far- 
athion. General tests on this difference were made 
in the laboratory. The results are important in the 
clarification of the cyclamen mite and its predator 
populations recorded by those authors. 

Typhlodromus occidentalis Nes.' persists after re- 
peated direct and very heavy treatments with par- 
athion, whereas 7. reticulatus Oud.'? is consistently 
destroyed by y;arathion treatments, and is unable to 
survive on such plants after periods of two or even 
three months subsequent to treatment. Also, the 
slightest drift of parathion from adjacent rows or 
crops has been very detrimental to this species. 

Table 1.—Laboratory tests on effect of 
parathion on two Typhlodromus. 








Per CENT 
DEAD IN 
24 Hrs. 


NUMBER 
oF INpI- 
PREDATOR VIDUALS ‘TREATMENT 


Typhlodromus 30 
reticulatus! 
T. occidentalis 30 


100 


Parathion 2% 


Parathion 2% 37 





1 And/or T. cucumeris. 


After some effort it became possible to separate 
live adults of these two forms. A camel's hair brush 
was used in making the transfers. Field populations 
were thus separated and tests conducted on the im- 
mediate effects of parathion. Strawberry leaflets 
were pinned to a cardboard sheet and dusted with 2 
per cent parathion. In 10 to 15 minutes the leaflets 
were placed in small vials with the predators; that 
time being required to complete the procedure. Ta- 
ble 1 shows the results of these tests. 

It is obvious that though Typhlodromus reticulatus 
is very susceptible to this acaricide, 7. occidentalis 
has a high degree of tolerance to it. By considering 
also the inaccessibility to dusts of many micro-habi- 
tats and the less active behavior of this species in 
field strawberries, compared to 7. reticulatus, to- 
gether with the repeated experience of its persistence 


1 Examples kindly determined by Dr. H. H. J. Nesbitt. 
2 And/or T. cucumeris Oud. 
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and the relatively complete destruction of 7’. reticu- 
latus following field treatments with parathion, there 
remains no doubt that this species is far more toler- 
ant to field applications of parathion than is T. 
reticulatus. 


LITERATURE CITED 
Huffaker, C. B. and C. E. Kennett. 1953. Devel- 


opments toward biological control of 
cyclamen mite on strawberries in Cali- 
fornia. Jour. Econ. Ent. 46: (In press.) 


Insect Vectors of Oak Wilt Fungus 


C. L. Griswoup and R. B. NEISwANDER, 
Ohio Agricultural Experiment Station, Wooster 


In an attempt to determine the vector of the oak 
wilt fungus, Chalara quercina' Henry, investigations 
of the insects that occur on both diseased and healthy 
oaks were begun at Wooster in October 1951. Inas- 
much as the Dutch elm disease fungus, which is 
transmitted by bark beetles, is related to the oak 
wilt fungus, a search was made immediately for bark 
beetles that might be associated with oak wilt. Three 
minute species, all belonging to the genus Pseudo- 
pityophthorus, were found breeding commonly on 
oak trees that had been killed by the oak wilt disease. 
These were collected in considerable numbers and 
carried to the laboratory at Wooster where they were 
reared in cages. 

It was learned that the insects breed in recently 
cut or dying stems or branches varying from 0.5 to 
5 inches in diameter. The adults of two species, 
Pseudopityophthorus minutissimus (Zimm.) and P. 
pruinosus (Kichh.), were found to leave such areas 
occasionally to feed in the small twigs of healthy 
trees. Consequently it seemed possible that they 
might be responsible for transmitting the fungus. 

A number of cages were constructed each of which 
contained a small oak tree growing in an 8-inch pot 
and a section of diseased wood containing many bark 
beetles. In nearly every case bark beetles soon left 
the diseased wood to feed on the small twigs of the 
healthy tree. Several such trees developed symptoms 
similar to those caused by oak wilt, but plant pathol- 
ogists were not able to isolate Chalara quercina from 
those cultured. It is probable the mechanical injury 
caused by the feeding of the beetles was sufficiently 
severe to cause discoloration and wilting of the foli- 
age. However, it is known that the disease organism 
dies rather quickly after infected wood becomes dry 
and it is possible that the plants were not cultured at 
the proper time to isolate the organism. Many of the 
trees treated in the manner described above are now 
dormant and will be observed closely for symptoms 
of oak wilt when growth starts in the spring. 

In an article by T. L. Guyton in the Plant Disease 
Reporter, Vol. 36, No. 10, it was stated that a row of 
ot oak trees approximately a half mile long in Bed- 
ford County, Pennsylvania had been blazed late in 
April, 1952, to mark a woodland trail. By September 
17 three-fourths of the blazed trees were dead as a 
result of oak wilt infection. The nearest oaks be- 
lieved to have died from oak wilt were located ap- 
proximately one-fourth mile from the blazed trees. 

Consideration of this report led to the suspicion 
that bleeding wounds ia healthy oaks might serve as 


1 This paper was in type before the name of the oak wilt fungus 
was changed to Endoconidiophora fagacearum Bretz. 
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points of ingress for the oak wilt fungus. It was re- 
called that one or more unidentified species of 
Drosophila were abundant in a woods in central 
Ohio where many trees died from oak wilt. Further- 
more, difficulty had been experienced in preventing 
adults of the pomace fly, Drosophila melanogaster 
Meig., from entering culture dishes containing spor- 
ulating mats of Chalara in the laboratory at the 
Ohio Agricultural Experiment Station. Conse- 
quently, investigation of D. melanogaster Meig. as a 
possible oak wilt vector was begun late in October 
1952. 

It was learned that the Drosophila adults were 
strongly attracted to sporulating Chalara mats. 
Both sexes fed on the very small droplets of moisture 
present at the tips of the hyphae where the fungus 
endospores are normally formed. It was noted also 
that the females laid eggs readily in the mats and 
that adult progeny subsequently developed. 

The pomace flies were also found to be strongly 
attracted to the bleeding wounds on the twigs of 
healthy oaks caused by the two species of bark 
beetles mentioned. Many of the flies were found 
clustered on such wounds feeding on the sap. 

A microscopic examination of several Drosophila 
adults that had fed upon and deposited eggs in 
sporulating Chalara mats revealed that endospores 
of the fungus were present externally on the legs and 
internally throughout the intestinal tract. A similar 
examination of regurgitation droplets and excrement 
from such adults revealed large numbers of Chalara 
endospores. 

Six Drosophila adults which had been confined in 
culture dishes containing sporulating Chalara mats 
were transferred to sterile agar and permitted to 
walk over it for a period of from 1 to 2 minutes. Sub- 
sequently 16 colonies of Chalara developed on this 
agar. 

It is evident, therefore, that the pomace flies are 
attracted to both Chalara quercina mats and to bleed- 
ing wounds in healthy oaks, and that the adult flies 
may carry viable endospores of the fungus. It re- 
mains to be demonstrated that the fungus will grow 
in the bleeding wounds and penetrate the sapwood of 
such trees. 

By the time this stage of the investigation was 
reached all but three of the oak seedlings available 
for disease transmission experiments had already en- 
tered dormancy. Bleeding wounds were produced on 
the twigs of these three seedlings by subjecting them 
to feeding attacks by bark beetles. The plants were 
then placed in screen cages containing many pomace 
flies. Culture dishes containing sporulating Chalara 
mats were also introduced from time to time. The 
seedlings were permitted to remain in the cages until 
the wounds became dry, and were then taken out- 
of-doors for the winter. 

In view of the tremendous interest that has de- 
veloped in the oak wilt disease and its method of dis- 
semination it is felt that the information contained 
in this note should be of interest to other investiga- 
tors. Certainly the points already demonstrated 
warrant the undertaking of intensive investigations 
on both Drosophila and Pseudopityophthorus. 
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Pea Aphid Injury in Alfalfa Seed Fields 


Herman F. Menke, Entomologist, Andrews 
Seed Company, Harrah, Washington 


The pea aphid, Macrosiphum pisi (Kltb.), has been 
but a minor pest in Washington alfalfa seed fields 
until the summer of 1952. Usually they are numerous 
on first crop and sometimes on second cutting (seed 
crop) until mid-July, by which time most of them 
have migrated. During the 1952 season there were 
numerous cases where infestations on alfalfa lasted 
until mid-August. 

Since this pest has not maintained damaging pop- 
ulations during past years, field men and State Col- 
lege research entomologists were reluctant to rec- 
ommend controls. In 1952, aphids were found in such 
numbers that enough could be collected in 40 sweeps 
of a standard 15 inch net to fill a coffee cup. Ten per 
cent DDT dust with 1 per cent parathion at 25 
pounds per acre was used in many cases for pre- 
bloom lygus and aphis control. Within 3 to 4 weeks 
following such control, aphids had often built back 
to considerable numbers. This was apparently due to 
the general severe infestation in all of the central 
Washington seed areas and great numbers of winged 
forms moving into fields soon after first controls were 
applied. 

Usually alfalfa was in full bloom when the re- 
infestations occurred so parathion used to control 
these aphids caused severe poisoning of both honey 
bees and alkali bees, Nomia melanderi Ckll. One per 
cent TEPP dust applied at the rate of 30 pounds per 
acre gave very poor control, but one quart of 40 per 
cent miscible TEPP with 5 gallons of water gave ex- 
cellent control when applied at 6 P.M. One pint of 
this material did not give adequate control. The day 
had to be hot and quiet when the TEPP was used. 
Some foliage injury was observed with the treatment 
which was very similar to that reported on alfalfa in 
California by Smith & Allen (1948), with one quart 
of 50 per cent HETP per acre in a No. 1 base oil, at 
approximately 5 gallons of oil per acre. They found 
foliage injury only in HETP plots and not in any 
others where oil was also used so the injury must 
have been caused by the HETP. Their report stated, 
“Although very evident, the injury was at no time 
serious. The injury usually consisted of a variable 
amount of general chlorosis and small light necrotic 
areas surrounded by darker rings. Sometimes much 
of the peripheral area of the leaf was necrotic.” 

Principal damage by aphids appears to be severe 
stripping (fall) of alfalfa florets. The flower fall is 
probably the result of physiological damage to the 
plant. Sometimes four to ten aphids could be found 
on one raceme. An example of the loss caused by a se- 
vere aphis infestation is available. A 75-acre certified 
Ranger seed field had the following crop history. One 
half of this sprinkler irrigated field was cut for hay 
7 days before the other half. When the early portion 
was in the bud stage, a field check indicated only 
lygus present so 10 per cent DDT dust at 25 pounds 
per acre was used; 10 days later the remaining por- 
tion had lygus and quite a few aphis; for this, DDT 
dust was used with one per cent parathion. Thirty 
days later, about July 30, the grower decided to con- 
trol a severe aphis infestation in the early treated 
portion of the field. He used 10 per cent DDT dust 
with 1 per cent parathion at 25 pounds per acre and 
obtained excellent control. No subsequent control 
was necessary on the part treated with DDT-para- 
thion. Irrigation and harvesting was the same on 
both areas of this field. The aphis infested area pro- 
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duced 358 pounds of clean seed per acre, and the 
controlled portion yielded 764 pounds per acre. 

Aphis have been underestimated as a pest on al- 
falfa seed. Principal injury appears to be severe strip- 
ping when infestations occur during the seed set- 
ting season, and gumming of plants due to honeydew 
secretion if late infestations occur. Control measures 
should be taken when one-quarter a coffee cup can 
be filled with the aphis collected in 40 sweeps of a 
standard 15 inch net. 

A good general practice seems to be the use of one 
per cent parathion dust with the first DDT applica- 
tion for lygus control if there are any aphids in the 
field. For later control of aphids, when the alfalfa is 
in bloom, one quart of 40 per cent miscible TEPP 
with five to eight gallons of water per acre, applied 
after 6 P.M. appears to be best because of bee poi- 
soning hazards. 


LITERATURE CITED 
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The Effect of Cellulose Acetate Sheets 
on Lasioderma serricorne’ 


J. B. Simeone, State University of New York, 
College of Forestry, Syracuse, New York 


Cellulose acetate sheets, due to the ease with 
which they can be fashioned into containers of vari- 
ous sizes and shapes, are often used in the construc- 
tion of cages for rearing insects. The toxicity of these 
plastic sheets to plants and fish, when the plasticizer 
is diethyl phthalate, has been established by Mara- 
morosch (1952). Since the same kind of material is 
being used by the author to rear beetles causing the 
deterioration of wood, this study was warranted to 
determine whether or not the plastic is also toxic to 
insects. 

The cellulose acetate was purchased in January, 
1950, 27 months prior to the initiation of these tests. 
The material is in sheets 20 inches wide, 50 inches 
long, and .03 inches thick. Confirmation that these 
sheets had been plasticized with diethyl phthalate 
was obtained from the manufacturer. 

To test the effect of this material on insects, eggs 
of the cigarette beetle Lasioderma serricorne Fab. 
were used. These were laid in paprika within a pe- 
riod of 24 hours after introducing adults of both 
sexes. The eggs were then separated for two experi- 
ments, the first to determine the effect of the plastic 
in large cages similar to those already in use by the 
author, and the second to study the effect on insects 
when they are confined with the plastic in small con- 
tainers. 

EXPERIMENT 1.—A plastic sheet 18 by 39 inches 
was curved on its longer axis to form the top and two 
sides of a large cage in quonset hut fashion. Each end 
was held rigidly by 14-gauge aluminum strips and 
enclosed with 24-mesh copper screen sealed with 
paraffin. The volume of the enclosure is 3312 cubic 
inches. This provides a ratio of 1 square inch of plas- 
tic surface per 4.7 cubic inches of cage volume. 

Eggs were placed in groups of five with 0.5 gram of 


1For the identification of L. planicollis, L. balteatus and 
oe sp. the author is indebted to Drs. R. H. Arnett and 
C.F. W. Muesebeck of the U.S.D.A., Bureau of Entomology and 
Plant Quarantine, Division of Insect Detection and Identifica- 
tion. 
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paprika in 1l-dram homeopathic vials stoppered 
loosely with cotton. Twenty of these vials were 
placed in the large cage, the base of which was then 
sealed with paraffin to a sheet of glass. The remain- 
ing 20 vials were placed outside the cage as controls. 

The results of this test, based on the number of 
adults reared from the eggs under each condition, 
are given in table 1. It is evident from these data, 
after applying the x? test, that the difference be- 
tween the number of beetles reared from eggs con- 
fined in the cage and those placed outside the cage 
is not significant. 


Table 1.—Lasioderma serricorna Fab. Adults 
reared from eggs. 


No. Eaes 
IN TEST 








No. REARE D 
To ADULT 


TREATMENT 


Confined in cage 100 39 
Not confined 100 37 





EXPERIMENT 2.—In this second experiment, the 
eggs were separated in groups of 10 in miniature 
beakers 13 millimeters in diameter and 8 millimeters 
in depth. These were made by severing the lower- 
most part from 1-dram homeopathic vials. The bot- 
tom of each beaker was covered with small pieces of 
pad paper on which the eggs were placed, previous 
attempts to hatch these eggs without the paper hav- 
ing been unsuccessful. Enough paprika was added to 
each beaker to cover the eggs. 

Twenty of the loaded beakers, containing a total 
of 200 eggs, were then placed in each of three 90 by 
20 millimeter petri dishes. In the first dish the eggs 
were used as controls. In the second a cellulose ace- 
tate hood was made slightly smaller than the bottom 
dish, but of the same shape, and was used to cover 
the beakers before the petri dish cover was put in 
place. The hood weighed 11.16 grams and its surface 
area of 33.86 sq. in. provided a ratio of one sq. in. 
of plastic surface per 0.06 cu. in. of petri dish volume. 
In the third a 0.625 in. strip of plastic was used to 
line the inside vertical edge of the bottom dish. The 
strip weighed 5.43 grams, its surface area of 16.5 
sq. In. providing a ratio of one sq. in. of plastic sur- 
face per 0.13 cu. in. of petri dish volume. Compar- 
ing these ratios with that of the large cage used in 
experiment 1, the hood and the strip provide, re- 
spectively, 78 times and 36 times the plastic surface 
per unit of volume. 

The petri dishes were placed in separate desicca- 
tors at room temperature. Relative humidity was 
maintained at 73 per cent with a potassium hy- 
droxide solution according to methods described by 
Buxton (1931). 

Comparisons were made at two stages of insect 


Table 2.—Lasioderma serricorne Fab. Sur- 
vival of eggs and first instar larvae. 











LARVAE 

CoMPLET- 
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EaeGs 
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TREATMENT 
Plastic hood 
Plastic strip 
Control 





200 22 0 
200 69 12 
200 76 (6 
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dewelopment: one at the beginning of the first larval 
instar to determine egg survival and another at the 
beginning of the second larval instar. The results of 
these comparisons are given in table 2. All individu- 
als that survived the beginning of the second instar 
completed their development to adults. 

In table 2, the difference between egg survival 
under the plastic hood and the control is highly 
significant as determined by x? test, but there is 
no significant difference between the plastic strip 
and the control. However, when the data are ex- 
tended to the number of larvae surviving the first 
instar a highly significant difference is evident be- 
tween the control and both the plastic hood and the 
plastic strip groups. 

From the data it may be concluded that cellulose 
acetate plasticized with diethyl phthalate reduces 
the expected number of survivals in rearing Lasio- 
derma serricorne Fab. when the ratio of plastic sur- 
face to cage volume is high. In large cages, when this 
ratio is low, the effect is negligible to non-existent. 
Insects other than L. serricorne Fab. reared in large 
cages similar to the cage described in experiment I, 
include Lyctus planicollis Lec., Ptilinus ruficornis 
Say, Hadrobregmus carinatus Say, Platybregmus can- 
adensis Fisher, Coelostethus notatus Say, Litargus 
balteatus Lec., and Cryptophilus sp. 
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Vitula edmandsii as a Pest of 
Honeybee Combs 


V. G. Mite, Department of Entomology, 
University of Illinois 


Although Vitula edmandsii (Pack.) is listed as and 
is commonly found as a scavenger in the nests of 
bumblebees in Illinois, the writer has reared the 
adults from larvae found infesting combs of honey- 
bees at Bingham, Nebraska, and Hull, Wyoming. 
The latter were submitted in March after a winter 
in which the outside temperature ranged well below 
0° F., with the combs stored in an unheated room. 
It was reported that most of the larvae seem to be 
killed during cold weather, but the moths reappear 
the following fall and considerable damage results to 
combs containing pollen. 

On April 14, recently hatched larvae were estab- 
lished on brood combs containing collected pollen, 
at 72° F. The pinkish larvae completed their growth 
(0.6 inch) in approximately 25 days from the hatch- 
ing of the eggs. On attaining full growth, the larvae 
usually crawl from the feeding mass for pupation, 
but at first the majority spin only a flimsy cocoon. 
Of 135 crawling larvae isolated on May 17, oniy 3 
adults had emerged by May 29, 12 days later, mak- 
ing a total larval and pupal period of 45 days, al- 
though some emerged as much as 2 weeks later. 

The variable developmental period is due to the 
tendency of some of the larvae to reauire a longer 
diapause period after which a more definite cocoon 
is spun before actual pupation. Of 40 full grown lar- 
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vae placed outdoors on October 29 and brought in 
November 5, some had spun snug cocoons by No- 
vember 12, but others remained in their original 
flimsy tunnels. These were again placed outside until 
January 17, after a morning temperature below 0° 
F. Of 10 larvae returned to 72° F., the first actual 
pupa was noted on January 26, and the first adult on 
February 7, indicating a possible pupal period after 
the diapause of at least 14 days. 

From a culture established on February 29, using 
day old adults, and maintained at 72° F., the first 
three adults of the next generation emerged on May 
6, giving a total period of 65 days from laying of eggs 
to adults. However, on May 28, after 87 days, there 
still remained many pupae and a few larvae of this 
generation. Of a larger number of larvae isolated as 
they were crawling from the feeding mass for pupa- 
tion, the actual emergence of 123 individuals as 
adults varied from 13 to 37 days, with some not 
recorded requiring longer. This again indicates that 
the variable larval diapause period is responsible for 
the great variation in the life cycle. Likewise, it is 
apparent that the diapause phase is the one in which 
the larvae survive the winter under natural condi- 
tions. 

It may be of interest to note that the male larvae 
of Vitula edmandsii may be distinguished from the 
larger female larvae by the presence of the male 
testes which are apparent beneath the skin on the 
dorsal surface of the fourth abdominal segment of 
the older larvae. A similar condition exists in other 
species, including the codling moth, the Indian meal 
moth and the Mediterranean flour moth. 


Uropoda agitans, a Mite Pest in Com- 
mercial Fishworm Beds 


Puiie C. Stone and GitBert D. OGLEs, 
Department of Entomology, University of 
Missouri 


The so-called fishworm mite, Uropoda agitans 
Banks (Uropodidae), was brought to our attention 
for the first time and in enormous numbers during 
the summer of 1951 in commercial fishworm beds 
in Branson, Missouri. This mite may have been 
transported to all parts of the country through the 
sale of small cartons of fishworms. 

This is the only mite in the family Uropodidae 
which has been found to be of economic impor- 
tance. Although not a parasite on the fishworms, it 
builds up to such large numbers in earthworm beds 
that it is of great importance to commercial fish- 
worm producers. It eats moist corn meal fed to fish- 
worms but never attacks live worms unless they have 
been injured and their body fluids are exposed. It 
seems to be ideally suited to breed in commercial 
fishworm beds where there is an abundance of food 
and where it finds optimum moisture conditions. It 
is of importance for with a high reproductive poten- 
tial and with a minimum of environmental resist- 
ance it soon builds up in the fishworm beds to such 
numbers as to devour more food than the fishworms 
and thus becomes an expensive boarder. One grower 
of fishworms in Branson, Missouri, had beds which 
were equivalent to an area 22 by 6 feet. He usually 
fed the worms every 2 weeks and in the course of a 
year they consumed approximately a ton of corn 
meal. After the mites became abundant in his beds 
he had to feed the worms every 2 or 3 days to keep 
them from starving. When these mites were driven 
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to the top of the beds by an insecticide, they formed 
a solid mass of from 1 to 1.5 inches thick over the en- 
tire beds. This mite was found to be very resistant 
to many insecticides and acaricides. Parathion at the 
rate of 0.01 per cent was the only insecticide tested 
that was found to eradicate them from the beds 
without harming the fishworms. Higher concentra- 
tions of parathion killed fishworms. This insecticide 
was applied to the surface of the beds with a water 
sprinkling can. The mites immediately responded by 
coming to the surface and then later returning into 
the beds to die. All stages of the mite were killed by 
parathion. 


An Aspirator Modified for Sampling 
Large Populations 


S.S. Risticu and Dan Lockarp, 
Ohio State University 


Innumerable aspirators have been made or modi- 
fied to fit many purposes. Most of these, although in- 
geniously made, were inefficient for sampling large 
insect populations, grain or other inert materials. 
The most serious drawback was the time lost remov- 
ing the venturi or the pick-up tube. 

Recently Chao (1952) modified a T type venturi 
aspirator which he used for selecting 300 to 400 sam- 
ples of stored grain insects. While Chao did reduce 
the hours of work and the tedious routine with his 
T type venturi aspirator it still had two drawbacks, 
(1) The adapter must be changed for different size 
vials. (2) Much time is lost with a screw type vial 
which must be twisted in and out. 


Fic. 1.—A. Barnhardt venturi. B. 1.625 inch tube. 

C. Pick-up tube. D. Bent end of pick-up. E. Stem of 

T-tube. F. Ground glass end. G. Horns. H, I, J. 

Adapters. K. Ground glass top of adapters. Note 

most ends wrapped with masking tape to prevent 
breakage. 


The adapter on Chao’s aspirator was modified to 
eliminate the time consuming steps. The stem of the 
T was ground to fit other ground glass adapters,' the 
ends of which were tapered to fit into any size vial 
or container. Both the ground glass stem and the 

1 Stock ground g!ass adapters can be purchased and affixed to 


each fixture with an oxygen-gas torch. In fact any person skilled 
in glass blowing could make this aspirator and the venturi, also. 
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adapters had two glass horns. A rubber band 
anchored over these glass projections kept the 
adapter secured to the ground glass stem. 

These T type aspirators can be made in any size. 
The dimensions for this model are as follows: The 
barrel of the aspirator is made of 1.625 inch tubing 
200 mm. long. The stem of the T (including the 
ground glass end) is 70 mm. in length. The end of 
the stem is ground to fit into the ground glass adapt- 
ers which are 57 mm. long with a 21 mm. inside di- 
ameter. Each adapter has a tapered end of a different 
diameter to fit into any size vial or gas bottle. Horns 
on the adapters and the stem, are 7 mm. in length. 
Pick-up tubes are 7 and 10 mm. inside diameter and 
the bent end which projects into the throat of the 
stem is about 30 mm. long. The cork which holds the 
larger tube is bored off center so the bent end of the 
pick-up tube fits in the stem deeper. The venturi as- 
sembly is a brass Barnhardt type diagrammed in 
(Peterson). 

Pick-up tubes with a larger diameter (10 mm. in- 
side) than shown in the photograph can be made for 
larger insects, i.e., German roaches. This aspirator 
also has an inherent limitation. Insects or any inert 
object can not be collected directly into wire con- 
tainers or jars that do not fit tightly around the 
ground glass adapters since the inrushing air 
through the openings (caused by a partial vacuum) 
forces the samples into the back of the tube. This 
fault, however, can be corrected if the screens are 
placed in vials and a heavy collar or the proper size 
cork is placed over the adapter to fit tightly on or in 
to the vial. Insects like Tribolium, however, can be 
collected into small vials and dumped into the wire 
containers more quickly. 
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A Technique for Mass-Culture of 
the Six-Spotted Mite’ 


GLENN L. Finney, Department of Biological 
Control, University of California, Albany 


In 1951, a small colony of Stethorus vagans Black- 
burn, a predatory beetle attacking the two-spotted 
mite, Tetranychus bimaculatus Harvey, was imported 
from Australia by the Department of Biological 
Control of the University of California at Albany for 
the purpose of establishing the species in California. 

An insectary program was set up to culture these 
beetles in sufficient numbers to permit the release 
of sizeable colonies in the field during the brief 
period when conditions are optimum in areas repre- 
senting the different ecological conditions where the 
two-spotted mite is a pest in California. 

Attempts were made in the greenhouse to culture 
Tetranychus bimaculatus on various growing plants, 
including chard, sugar beets, horse peas, and celery. 
The celery plant, in exhibiting the greatest tolerance 


1 Because only part of this note appeared (Vol. 46: $81) it is 
published in full here. Ed. 
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to heavy mite populations, was considered most 
satisfactory. 

However, there were many factors involved that 
were incompatible with good insectary procedures. 
Greenhouse temperatures were difficult to control 
within the desired limits. Flats of plants were bulky, 
unwieldy units and required extensive greenhouse 
space for both the backlog of uninfested, growing 
units and the infested, working units. Other insects 
attacking the host plants, such as aphids, thrips, 
and whiteflies would build up in disturbing numbers. 
The most complicating factor was the appearance of 
a predatory mite of the genus Typhlodromus which 
built up swiftly under greenhouse conditions to a 
point where the host-mite infestation was virtually 
eradicated. This T'yphlodromus was extremely re- 
sistant to TEPP which, because of its brief residual 
effect, was being used in the control of the green- 
house pests. 

An insectary program under the best of conditions 
is beset with many potential hazards to success. 
These difficulties are increased many times when a 
culture of living host-plants is injected into the pic- 
ture. Consequently, a vigorous search is generally 
made to find some other type of host material to be 
used as a substitute. To accomplish this another host 
insect sometimes must be utilized; even one that the 
parasite, or predator, does not ordinarily attack in 
nature. 

In line with this principle, a colony of the six- 
spotted mite, Tetranychus sermaculatus Riley was 
obtained. This mite can be cultured on ripe market 
oranges which are much more amenable to insectary 
manipulation since they can be handled in limited 
space in small, debris-free units under well controlled 
conditions. It became much easier to regulate host- 
predator relationships, since infested oranges could 
be added to units whenever necessary. The collection 
of beetle production was also greatly simplified. 

However, using this procedure, it was found that 
a large area of the fruit surface was not utilized by 
the mites. The desired beavy population was limited 
to the vicinity of fruit-contact points. This re- 
stricted buildup was especially marked when very 
smooth-skinned oranges were employed. It was also 
observed that the mites congregated and fed around 
debris, such as strands of cotton or pieces of string 
laid across the fruit. This observation led to the idea 
of applying some short, fibrous, lint-like material to 
the surface of the orange. 

The material first used was made from paper 
towels which were made into a compact roll about 
1.5 inches in diameter and held tightly with rubber 
bands. The lint was formed by applying the end of 
this roll to the surface of a slow-turning sanding- 
dise using a coarse grade of sandpaper. This action 
reduced the paper to a fibrous lint rather than to an 
undesirable fine dust. The lint as it was formed was 
picked up by a tank-type vacuum cleaner. 

Small oranges (288 pack) were used because the 
surface area per box was greater than in the larger 
sizes. Furthermore small oranges are usually priced 
much lower than the !arger sizes. 

The linting unit used in the program at Albany 
is rather small, accepting only four oranges at a 
time. The same principle could be applied to larger 
units with a consequent reduction in the number of 
operations if the size of the project would make it 
worth while. The unit consists of a glass jar 18 
inches high and 9 inches in diameter. A circular 
platform made of hardware cloth, 0.5 inch mesh, is 
suspended about 6 inches from the top. A hole may 
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be cut or depression formed at each fruit position to 
prevent the oranges from rolling about. The top is 
made of cloth, either light muslin or organdy, 
stretched over a frame and laid over the jar. 

Prior to use the oranges are beld in a cold room 
or refrigerator. Just before they are to be linted 
they are removed ana placed momentarily in a warm 
room. The slight condensation formed on tbe fruit 
is used to catch and hold the lint in place. The 
oranges are laid in position on their sides on the 
suspended platform so that there is space between 
each fruit. A pinch of lint is introduced into the jar 
and the top put in position. The air hose is placed 
in contact with the cloth top and a flow of air at a 
moderate pressure is directed downward through the 
cloth along the side of the jar so that the lint within 
is picked up and circulated upward around the 
oranges. This operation requires about four seconds 
and is repeated at about four points around the jar. 
If the lint has accumulated too heavily on the upper 
side of the oranges a parting shot of air will carry 
away the excess. 

After this operation the oranges must be handled 
carefully so as not to disturb the lint. Each fruit 
should be picked up by grasping it between the 
thumb and finger at the button and blossom ends. 

One difficulty with the use of paper lint was that 
the material tended to adhere closely to the damp 
fruit surface and therefore had to be applied very 
judiciously. If too much was used the purpose of the 
lint would be defeated by masking the feeding area 
from the mites. This difficulty was greatly alleviated 
by the development of lint from kapok fiber.2 The 
long kapok fiber is reduced to short lengths by run- 
ning it through an ordinary kitchen food grinder fit- 
ted with a fine-grind attachment. The lint is picked 
up with a vacuum cleaner. The shortest fibers aie 
sifted out for use and the remainder re-run through 
the grinder. 

The kapok fiber is very resilient, which property 
it retains when applied to the damp surface of the 
fruit. There is consequently more latitude in the ap- 
plication of kapok. Although the ideal coverage is 
one that is light and uniform, there is little harm 
done if the lint is put on heavier than necessary. 

The mites are transferred to uninfested linted fruit 
by laying them on rows of infested fruit. The period 
of time these are left in contact depends on the kind 
of infestation desired. The rate of transfer depends 
upon the population pressure and the degree of ex- 
haustion of the feeding area on the infested oranges. 

The linting technique using kapok fiber promoted 
heavy, uniform populations of Tetranychus sermacu- 
latus, thus making oranges a very efficient host-sup- 
porting material which contributed in no small de- 
gree to the smooth operation and success of the pro- 
gram as a whole. 


* This step was developed by Max Badgley of the Department 
of Biological Control of the University of California at River- 
side, 





Detached Leaf Culture in Mite 


Nutrition Studies* 


J. G. Ropricurz, Kentucky Agricultural 
Experiment Station, Lexington 


In previous studies on the mineral nutrition of the 
two-spotted spider mite, response to nutritional lev- 


1 The investigation reported in this pene is in connection 


with a project of the Kentucky Agricultural Experiment Sta- 
tion a is published by permission of the Director. 
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els of the host plant was evaluated by introducing 
female mites onto isolated leaflets of tomato plants 
growing in the greenhouse, and counting the progeny 
that resulted from a given developmental period 
(Rodriguez 1951). While this procedure was satisfac- 
tory for utilization of tomato as the host plant, dif- 
ficulties were encountered in attempts to use other 
hosts, such as apple, bean and rose. Moreover, the 
method is likely to be affected by the variable condi- 
tions of light and temperature prevalent in most 
greenhouses. 

In our present procedure, plants are grown in the 
greenhouse and leaves are detached; the more criti- 
cal part of the work, viz., the culturing of the intro- 
duced mites on the foliage, takes place in the labora- 
tory. The detached leaves are washed and floated in 
a sucrose solution or water as suggested by Yarwood 
(1946), who defines detached-leaf culture as “the 
maintaining of leaves in a living condition for vari- 
ous periods after detachment from the plant of which 
they were once a part.” Leaf discs have been the 
most satisfactory. These are stamped out, 40 to 48 
mm. in diameter, with a sharp salve-box lid, and a 
streak of tanglefoot is applied to the cut edge of each 
disc. The discs are then placed in individual petri 
dishes containing just enough substrate to float the 
discs. Substrates have included tap water and vari- 
ous concentrations of sucrose solutions (2, 4, and 8 
per cent). Tap water was found to be a satisfactory 
substrate for the culture of rose, apple and tomato 
foliage cut in discs; these remained in perfect condi- 
tion for three weeks when one longevity test was ter- 
minated. Bean-leaf discs developed roots in tap wa- 
ter, however; this caused water to creep over the sur- 
face of the disc. Utilization of a 2 per cent sucrose 
solution inhibited rooting under our test conditions 
for about two weeks. 

Five young female mites are introduced to each 
disc with a fine camel’s hair brush. Ten such repli- 
cates constitute a given treatment. The discs are 
placed on the substrate, and petri dish covers are 
propped open to a width of about 2 mm. to prevent 
fogging of the inside of the cover and resultant drip 
on the discs. The dishes are then distributed at ran- 
dom on tables over which are two adjustable banks 
of lights, each containing 12 slimline fluorescent tubes 
supplemented with 18 25-watt incandescent bulbs. 
This set-up can provide up to about 1000 footcan- 
dles; however, it was found that 300 footcandles is 
ample for the culture. This is further regulated to a 
daily photoperiod of 16 hours. Temperature is main- 
tained at 26° C.+1°. 

In preparation for counting the mites, the petri 
dishes containing the discs are refrigerated; this not 
only inactivates the mites but counting can be ac- 
complished when it is convenient. In one test using 
48 mm. bean-leaf discs cultured for 8 days under the 
conditions described above, one treatment (nutri- 
tional level) resulted in the following numbers of 
progeny of ten replicates; 212, 206, 225, 204, 232, 
185, 230, 175, 215, and 178, with a mean of 206. This 
is a typical set of test data. 
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Fall Armyworm Control on Late 
Planted Sweet Corn! 


Cuartes H. Brett,’ Raleigh, North Carolina 


The fall armyworm, Laphygma frugiperda (A. & 
S.), is one of the most destructive insects to late 
planted sweet corn in North Carolina. Its attacks 
have almost completely discouraged attempts to pro- 
duce this crop after mid-summer. DDT or methoxy- 
chlor sprays in the past have shown considerable 
variation in their effectiveness. Injury to corn has 
been observed which was attributed to these sprays. 
This paper reports tests in which isodrin and endrin 
sprays were compared with DDT and methoxychlor. 
The isodrin and endrin emulsifiable materials con- 
tained 18.5 per cent actual insecticides. Methoxy- 
chlor and DDT materials contained 24 and 25 per 
cent respectively actual insecticides. 

Ioana variety sweet corn was planted August 13 
for this experiment. On August 19 the plants were 
2 to 4 inches high and many moths were observed 
laying eggs. A few newly hatched larvae were pres- 
ent. On August 26 considerable numbers of larvae 
were uniformly distributed throughout the repli- 
cated plots. Spray applications were made at this 
time. 

A second series of sprays were put on September 
3rd. At this time visual scoring was made of insect 
injury to the plants. The least injury was in plots 
which had been sprayed with 4 ounces of endrin per 
acre. Burned spots on corn leaves indicated that 
some phytotoxicity had occurred from all sprays 
used. This appeared to increase with the amount of 
spray material applied. 

All plots were subsequently sprayed on September 
9, 16, 30 and October 7, a total of 6 weekly applica- 
tions. Plant samples from each of the plots were 
weighed, measured for height, and per cent silking 
(Table 1). They were also stripped in order to deter- 
mine the number of larvae present. Unfortunately, 
the taking of further data was prevented by a killing 
frost. 

Untreated plants became so heavily attacked that 
they never reached a height of more than 10 or 12 
inches. After about one month they were ragged and 
dying. Larval populations decreased as these plants 
lost their greenness and began to dry up (Table 1). 
By October 17, all unsprayed plants had been de- 
stroyed as can be seen in figure 1. 

Plants which were more effectively protected by 
sprays became more attractive to the insects. Even 
though treated weekly, the continuous insect attack 
was so great that larval population counts served 
mostly as an index to verify that the largest and 
most succulent plants were the most heavily in- 
vaded. There seemed to be little control from resi- 
dues. Differences in development which appeared 
between the treatments were not considered to be 
due to insect control although early larval counts in- 
dicated that endrin was the more insecticidally ac- 
tive of the four test materials. Treatment differences 
were obvious to general observation as can be seen in 
figure 2. 

Phytotoxic effects had been easily recognized dur- 
ing the progress of this experiment. The end result of 
these effects was demonstrated in plant height, 


1 Contribution from the Entomology Department. Published 
with the approval of the Director as paper no. 479 of the Journal 
Series. 

2 Associate Professor of Research in Entomology, North 
Carolina Agricultural Experiment Station, Raleigh, North 
Carolina. 
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Fic. 1.—Fall armyworm control plots. Plot on the 

left was sprayed with 2 ounces of endrin per acre 

each week for 6 weeks. Plot on the right was not 
treated. 


weight, and per cent of silking. This was roughly an 
inverse ratio with the amount of spray material used 
(Table 1). To better interpret this effect the same 
variety of corn was planted in a greenhouse in repli- 
cated plots 2 rows wide and 12 feet long. Plants were 
sprayed during the same stages of development and 
at periods of frequency which had been followed in 
the field. The spray treatments included some with 
the emulsifier materials and solvents only and some 
with emulsifier materials, solvents and insecticides. 
All of the different types of materials which had been 
used in the field except methoxychlor were included. 
The same type of burning and retarded development 
occurred in the greenhouse that had occurred in the 
field. The effect was roughly an inverse ratio with the 
amount of emulsifier materials and solvent applied. 
One of the principal solvents, xylene, appeared to be 
an agent in producing the effect. None of the insec- 
ticides caused any evident increase in phytotoxicity 
when they were included in the spray formulation. 
SumMary.—The results of this experiment show 
DDT, methoxychlor, isodrin, and endrin sprays to 
be highly toxic to larvae of the fall armyworm; how- 





Fig. 2. Fall armyworm control plots. Plot on the left 
was sprayed with 2 ounces of endrin per acre each 
week for 6 weeks. Plot on the right was sprayed at 
the same intervals with 1 pound of DDT per acre. 
Visual stunting of the DDT treated plants was pri- 
marily due to a greater amount of solvent being 


applied. 
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Table 1.—The influence of 6 different treatments on the development of Ioana variety sweet corn 
attacked by larvae of the fall armyworm. Each treatment was replicated 4 times. Faison, N. C.—1952. 








AVERAGE LARVAE PER 


PLANT 


Sept. 9 


Pounpbs 


MATERIAL PER ACRE 


Methoxychlor! 1.0 


DDT? 


[sodrin® 


Endrin‘ 


Per CENT 
SILKED 
Oct. 21 


AVERAGE 
HEIGHT 
Oct. 17 


62.5 40.5 27.0 


GRAMS 
PER PLANT 





26.0 
32.5 
42.2 


105.9 44. 





85.8 








d 49.0 
52.6 51.5 





Untreated 


Dead Dead 





1 Marlate 
2 Pest-B-Gon 
3 Isodrin 


24 per cent technical methoxychlor emulsifiable insecticide. E. I. du Pont de Nemours & Co. (Inc.). 
25 per cent technical DDT emulsifiable insecticide. California Spray Chemical Corp. 
18.5 per cent emulsifiable concentrate. Julius Hyman & Co. Division, Shell Chemical Corp. 


4 Endrin—18.5 per cent emulsifiable concentrate. Julius Hyman & Co. Division, Shell Chemical Corp. 


ever, DDT and methoxychlor in order to give good 
control had to be used at such nigh rates that the 
solvents they were in produced an undesirable ef- 
fect on plant development. Endrin was the most in- 
secticidally active of the materials tested and was 
effective at application rates low enough to cause 
little plant damage by the solvent. Two ounces of 
endrin per acre at each application controlled fall 
armyworm sufficiently to permit good plant growth 
with little insect damage or phytotoxic effect. 


Disinsectization of Aircraft by Lindane 
Vapors from Filters in the 
Ventilating System’ 
kK. D. QuaRTERMAN? and W. N. SuLiivan?® 


Various formulations of pyrethrum and DDT 
aerosols, sometimes supplemented by the use of 
residual DDT deposits, have come to be accepted 
almost universally as the preferred method for dis- 
insectization of aircraft as a prophylactic measure 
against importing vectors of disease (Duquet, 1949). 
However, studies conducted over the last two years 
(Maier et al., 1953)‘ using free-flying insects in actual 
flight tests, have shown that aerosols containing lin- 
dane or CS-708 (Dilan) in combination with DDT 
(Crowell et al., 1952) are considerably more effective 
against flies and mosquitoes than are the currently 
recommended formulations (Federal Security Agency 
1948). Also, recent studies with lindane (Pimentel & 
Klock, 1953; Sullivan, 1951; Fulton et al., 1952) have 
shown this compound to have considerable promise 
for aircraft disinsectization when applied either as 
residues or as vapors. 

Preliminary tests were made in a MATS (Military 
Air Transport Service) Constellation at Savannah, 
Georgia, October 3-5, 1952, to determine whether 
lindane vapors dispensed from impregnated filters 


1 Through the cooperation of the U. S. Air Force, Military 
\ir Transport Service, and numerous members of the staffs of 
the three participating agencies. 

2 Communicable Disease Center, Public Health Service, U. S. 
Dept. of Health, Education, and Welfare, Savannah, Georgia. 

3 Bureau of Entomology and Plant Quarantine, Agricultural 
Roster Administration, Department of Agriculture, Washing- 
ton, Pde 

‘Unpublished manuscript. 


installed in the ventilating system (Sullivan, 1952) of 
large aircraft used in international traffic would 
serve as a practical method for disinsectization under 
pressurized and non-pressurized conditions. 

ProcepurE.—Free-flying laboratory-reared fe- 
male house flies of the NAIDM strain were used as 
test insects. A 1-inch colored nylon thread was glued 
to the thorax of each fly (Klock et al., 1953) to facili- 
tate recovery after testing and to identify the flies 
used in each separate test. The 150 to 200 flies re- 
leased during each test were allowed free access to 
all except the pilots’ compartments. After a timed 
exposure period, the flies were recaptured as quickly 
as possible, removed from exposure, and offered food 
and water. They were then held under suitable labo- 
ratory conditions for 24-hour mortality determina- 
tions. 

After an initial check test to determine that no 
lethal residues of insecticides were present in the 
plane, three glass-wool metal-framed filters were in- 
stalled by bolting them over outlets in the overhead 
ducts of the ventilation system in the main passenger 
and forward navigator compartments of the plane. 
Each of the two filters, size 16 inches by 25 inches by 
1 inch, installed in the passenger compartments had 
been impregnated with 100 grams of lindane from an 
acetone solution. The filter in the navigator’s com- 
partment was only 9 by 18 by 1 inch in size and con- 
tained 40 grams of lindane. The average air velocity 
through the filters during the tests was about 450 
feet per minute. 

Lindane samples were collected from the air in the 
forward and rear sections of the plane by passing a 
known amount of air through a 20-gram alumina col- 
umn connected to a motor-vacuum pump. The lin- 
dane collected in the columns was eluted with glacial 
acetic acid and then determined colorimetrically 
(Hornstein & Sullivan, 1953). 

A final hour-long test flight with the filters re- 
moved from the plane was made to determine if 
lethal residues of lindane had accumulated in the 
plane during the nine flights that were made while 
the filters were in place. This test was followed by 
an evaluation of residual lindane deposits in the 
plane while it was on the ground by making 1-hour 
exposures of flies in petri-dish wall cages (Simmons 
& Staff, 1945) attached to various types of surfaces 
in the plane. Cages were well distributed at various 
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elevations from the rear to the front of the test com- 
partments and on both vertical and horizontal sur- 
faces. Suitable check cages were held for comparison 
both inside and outside of the plane. 

Resutts.—The techniques that were used for tag- 
ging and handling flies in these tests permitted an 
average recovery of 76 per cent of all released insects. 
The mortalities of check insects were low enough so 
that they could be eliminated from further consider- 
ation. 

The initial in-flight check test of flies exposed for 
60 minutes, before the lindane filters were placed in 
the plane, showed 0.03 micrograms of apparent lin- 
dane per liter of air and yielded a 5-per cent mortal- 
ity. This test was followed by five replicates of 1- 
hour exposures of flies with the lindane filters in 
operation which resulted in an average 24-hour mor- 
tality of 99 per cent. There were no differences in fly 
mortalities between pressurized and non-pressurized 
cabin conditions. An average of 0.16 micrograms of 
lindane per liter of air was found in these replicates. 
Four additional tests in which flies were exposed for 
30-minute periods produced an average fly mortality 
of 98 per cent and again cabin pressurization showed 
no effect on fly mortalities. The air in these tests con- 
tained an average of 0.09 micrograms of lindane. The 
final hour-long test with lindane filters removed from 
the plane resulted in a lindane concentration of 0.02 
micrograms per liter of air, which correlated very 
closely with the 0.03 micrograms of lindane per liter 
of air found in the plane before filters were installed. 
However, a mortality of 97 per cent occurred among 
the test flies, indicating that a residual of lindane 
had been deposited from the vapors. 

The petri-dish wall cage evaluations of residual 
lindane deposits in the plane clearly demonstrated 
that the insecticide was present in amounts suffi- 
cient to cause a 70-per cent average mortality of all 
the flies exposed in this manner. The mortalities 
ranged from 10 per cent in those flies exposed to 
doped fabric on the rear compartment wall to 100 
per cent of those exposed to three widely separated 
parts of the rubber floor carpeting and to a varnished 
table top. Exposure to vertical varnished wood and 
horizontal wool surfaces also produced high mortali- 
ties. The doped fabric that covered the ceiling of the 
plane gave a 33 per cent average mortality. 

SummMary.—Preliminary tests with lindane vapors 
from treated filters installed in the ventilation sys- 
tem of a Constellation airplane indicate that this 
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method shows considerable promise for freeing air- 
craft of insects of public health importance. Suffi- 
cient concentrations of lindane were built up in the 
air and, after several tests, on resting surfaces to 
produce satisfactory kills of free-flying female house 
flies released in the plane for 30 to 60 minute expos- 
ure periods. A careful evaluation of the toxic hazards 
involved in such usage of lindane and developmental 
work to perfect this technique appear to be justified. 
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EDITORIALS 


Retirement of Dr. L. M. Peairs 


The American Association of Economic 
Entomologists has been most fortunate 
through the years in obtaining the serv- 
ices of editors who have unselfishly, 
through sacrifice of themselves, carried 
on the work of the JournaL. Dr. E. P. 
Felt was followed by Dr. T. H. Frison 
who served four years, resigning in 1939 
and he in turn by Dr. Leonard M. Peairs. 
Dr. Peairs took over the work with the 
beginning of Volume 33. He has been 
responsible for the completion of Volume 
45 and will have edited four numbers of 
Volume 46. Failing health has been re- 
sponsible for his discontinuance with the 
August issue and the assumption of the 
duties of Editor, pro tempore, by Dr. 
F. W. Poos. In an editorial in Volume 33, 
No. 1, the Publications Committee made 
the statement ““The Association is again 
fortunate in obtaining the services of 
another unselfish and capable entomolo- 
gist as Editor of the JourNAu.” They were 
correct in their estimate in both the pro- 
fessional capacity of the Editor and in his 
unselfish devotion to the cause of the 
Association. 

L. M. Peairs was born in Lawrence, 
Kansas, in 1886. He graduated from the 
Kansas Agricultural College in 1905 and 
took his doctor’s degree at the University 
of Chicago in 1925, doing his dissertation 
on “The Relation of Temperature to the 
Development of Insects” under the late 
E. D. Sanderson. Dr. Peairs worked in 
Kansas, Illinois, and Maryland as a 
teacher and experiment station worker 
then went to West Virginia in 1912 re- 
tiring from active duty there in 1952. He 


is the joint author with E. D. Sanderson 
of the second and third editions of “‘Insect 
Pests of Farm, Garden and Orchard” and 
later produced alone the fourth edition of 
this textbook. A fifth edition is expected 
in the spring of 1954. He has contributed 
numerous bulletins on economic entomol- 
ogy to the literature of that subject and 
in addition has contributed many edi- 
torials to the JouRNAL. 

Aside from the two characteristics 
noted by the Publications Committee, 
Dr. L. M. Peairs is notable for his fair- 
ness. Insofar as possible, under the rules 
laid down by the Publications Committee 
and by the Association, he has always 
been anxious to be certain that he was fair 
in every detail with the authors whose 
papers he had for review. When there was 
any doubt in his mind about the quality 
of the paper, he referred it to several 
people before he arrived at a decision. 

L. M. Peairs passes the torch on to Dr. 
F. W. Poos who will serve as Editor, pro 
tempore, for the remainder of 1953, with 
the assurance that the high standard 
maintained by Peairs and the other edi- 
tors will be continued. 

We know that we speak for the entire 
membership of the Society when we ex- 
press our thanks to Dr. Peairs for his 
indefatigable and superior work, and the 
wish that he will be able to enjoy his well- 
earned leisure by following his hobbies 
that have long been neglected by reason 
of his long service to the Association. 

C. E. Pato 
E. N. Cory 


The Employer’s View of Entomological Training 
Research and Development of Insecticides 


One of the main functions of a college, 
as I see it, is to give its graduates suf- 
ficient cultural background so that they 
can be readily integrated into our com- 
plex, modern society. This phase of a 
college education should not and cannot 


be overlooked by those who are guiding 
students in the preparation for a specific 
career. This subject could be elaborated 
considerably and has an important bear- 
ing on the Employer’s View of Entomo- 
logical Training especially when applied 
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to candidates who are being interviewed 
for employment whether in industry, 
experimental stations, or in educational 
institutions. 

It has been aptly said that a well- 
trained person is one who has_ been 
schooled in fundamentals and their appli- 
cation to the point that he can either 
solve problems by reason or experimental 
procedure. It might be added that he 
should be able to communicate his find- 
ings to others in understandable language. 
Therefore, it cannot be too strongly 
stressed that for industrial as well as 
institutional employment, the candidate 
should have as broad a background as 
possible of fundamental or basic scientific 
training. It is my personal belief based on 
observations over the years, that many 
entomologists are unfortunately too nar- 
rowly trained and thus are not well- 
rounded professionally. This puts them 
at a disadvantage in intelligently com- 
prehending the advances in closely re- 
lated sciences which might be successfully 
adapted to use in solution of economic 
entomological problems or give a clearer 
insight into or a method of attacking 
problems which presently are discouraging 
and vexing. 

It is assumed that any professional 
man will acquire the training necessary 
for the practice of his profession. It can- 
not be assumed that he will acquire ade- 
quate training in closely related fields 
to insure his comprehension of the ad- 
vances in such fields and their relation 
and importance to his own; and in this 
way, broaden his outlook and oppor- 
tunities. In other words. he “‘must avoid 
becoming a super specialized crank.” For 
an entomologist he should have and can 
acquire a background in the fields of zool- 
ogy, botany, chemistry, biochemistry and 
perhaps, biophysics. 

Enouisu.—Every student graduating 
in entomology should have sufficient 
training in English and at least one course 
in public speaking at the undergraduate 
level so that he can express himself clearly, 
accurately and concisely, both in writing 
and orally. Many of the controversies and 
disagreements—not only in science but 
also in all other fields of human endeavor 
—arise because of lack of clarity of ex- 
pression and the connotation placed on 
or the misinterpretation of the meaning 
of words. 
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ZooLocy.—Too generally entomolo- 
gists have only a meager knowledge of 
zoology of which at least academic en- 
tomology, if not economic entomology is 
an integral part. Irrespective of the ratio 
of insects to all other animals combined 
this might be described as a case of “the 
tail wagging the dog.” Certainly an en- 
tomologist should have a basic and broad 
background in zoology particularly physi- 
ology in order to better understand what 
makes insects “‘click.” 

Borany.—What has been said about 
zoology applies also to botany because 
entomologists are largely concerned with 
insects affecting plants. Hence, botanical 
knowledge can be rightfully called a pre- 
requisite to adequate training in ento- 
mology. Likewise in the chemical control 
of insects a knowledge of plant physiology 
is essential to the important problem of 
the effect of insecticides on plants just as 
a knowledge of human physiology is 
necessary to a comprehension of the find- 
ings of the toxicologist on the effects of 
insecticide residues on warm _ blooded 
animals. 

CHEMISTRY.—Irrespective of what we 
may think of the place of the chemical 
control of insects in the ultimate scheme 
of things, this method of control is the 
quickest way known of securing at least 
temporary relief from the “insect men- 
ace.”’ Speaking as an industrial entomol- 
ogist, a good working knowledge of chem- 
istry is essential to any economic entomol- 
ogist and especially so to those who would 
work in industry. This is so because those 
industries employing entomologists in 
the largest numbers are engaged in the 
manufacture and development of chemi- 
‘al pest control agents most of which 
now are synthetic organic chemical com- 
pounds. Hence, in his education, the aver- 
age entomologist’s chemical education 
should extend through organic chemistry. 
However, should he be specializing in 
insect physiology or toxicology a much 
greater knowledge of chemistry is re- 
quired. 

Puysics.—Depending on his field of 
specialization, a basic knowledge of classi- 
cal physics is desirable and may or may 
not be essential. 

SratTistics.—Since industry is finding 
statistics a very useful tool in many of 
its operations, and in many fields of biol- 
ogy, results are being reported in statisti- 
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val terms, it follows that an entomologist 
cannot ignore acquiring a minimum work- 
ing knowledge of the subject. 
ENToMOLOGY.—It is assumed that any 
student who chooses entomology as a 
profession will obtain as many funda- 
mental courses in entomology as is possi- 
ble without neglecting his other training. 
Certainly he must have general entomol- 
ogy as well as applied entomology. He 
must know insects and the basic princi- 
ples of taxonomy. He should if possible, 
have courses in insect physiology, toxi- 
cology and research methods. In the last 
analysis the broader and more basic his 
training, the better he is fitted for what- 
ever opportunities are open to him. 
PERSONAL CHARACTERISTICS.—There 


EDITORIALS 


719 


are some things, however, that cannot be 
taught to anyone which an employer will 
regard equally as important as training. 
These are the ability of a person to fit into 
an organization, his adaptability, his ver- 
satility and ability to get along with 
others. This is because the industries 
which search for and develop insecti- 
cides also are developing other pesticides. 
Therefore, he will mest certainly be in 
frequent contact with other biologists, 
chemists, physicists and engineers. Di- 
plomacy is a valuable asset as are alertness 
and imagination. Summing it up, all 
things being equal on the basis of educa- 
tional background, the candidate who 
has the best personality gets the job. 
Harry F. Dierz 





Book REvIEw 


Tue Soctau Insects, by O. W. Richards. Published 
by Philosophical Library, New York. 1953. 219 
pp., 51 half tone plates and 12 text figs. $4.75. 


Dr. Richards, a distinguished English entomolo- 
gist who has worked for many years in the fields of 
insect behavior and the taxonomy of wasps and bees 
(to mention only some of his entomological inter- 
ests!), presents here a very readable and factually 
accurate summary account of the social insects. In 
the introductory chapter a number of diverse topics 
which have a bearing on social life are discussed 
briefly, such as the senses of insects, growth, repro- 
duction, and the various types of insect behavior. 
This is followed successively by chapters on the be- 
havior of solitary and social wasps, the varieties of 
wasp societies, the behavior of solitary and social 
bees, the several kinds of social bees, ant societies, 
social parasites, and termite societies. In a final 
chapter the author discusses the problems which 
have to be solved in the development of a society, 
and contrasts insects and human societies. 

Karu V. KrRoMBEIN 


DEATHS 


Notice of the death of the following members bas 
been received: 

Lt. Cmdr. Deed C. Thurman, Jr. died in Chieng- 
mai, Thailand, on April 18, 1953, while on active 
duty as Malaria Control Regional Adviser with the 
Special Training and Economic Mission to Thailand. 
Mutual Security Agency. 

Dr. L. B. Norton, Insecticide Chemist in the De- 
partment of Entomology at Cornell University for 
many years died June 10, 1953. 

Professor P. J. Parrott, one of the earlier presi- 
dents of the American Association of Economic 
Entomologists died at Geneva, N. Y. on August 10, 
1953. 

It is expected to include appropriate obituary 
notices in a later issue. 
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Reale Frederick Howard 


The sudden death of Dr. Neale Frederick Howard 
on November 1, 1951, at Milwaukee, Wisconsin, was 
regretted throughout the field of economic entomol- 
ogy, but was felt with particular keenness in the Di- 
vision of Truck Crop and Garden Insect Investiga- 
tions, Bureau of Entomology and Plant Quarantine, 
U.S. Department of Agriculture. 

Neale Howard was born in Milwaukee, Wisconsin, 
on November 5, 1890, where he attended public 
grade and high school. He graduated from the Uni- 
versity of Wisconsin in 1914 with a B.S. degree and 
in 1918 with a M.S. degree. He received his Ph.D. 
degree from Ohio State University in 1928. 

His career of more than 33 years in entomological 
service started April 16, 1916, at Green Bay, Wis- 
consin, when he was appointed a specialist in the 
then Bureau of Entomology to work on the trans- 
mittal of cucumber diseases by insects. During 
World War I, he served as a Ist Lieutenant in the 
Sanitary Corps of the U.S. Army from April 1918 to 
August 1919. Part of this service was overseas. In 
November, 1919, he returned to the Bureau and was 
again stationed at Green Bay, Wisconsin. In March 
1921, Dr. Howard was transferred to Birmingham, 
Alabama, to the newly established Mexican bean 
beetle laboratory. A short time later he was placed 
in charge of this work. The laboratory was moved to 
Columbus, Ohio, in 1926, and Dr. Howard continued 
in charge until ill health forced his retirement on 
August 31, 1949. He continued to give the Bureau 
the benefit of his wide experience, as a Collaborator, 
until his death. 

The Mexican bean beetle which invaded the East- 
ern bean fields during the early 20’s presented a seri- 
ous and difficult problem. Neale Howard was among 
the first entomologists who investigated this prob- 
lem. Work done by him and his staff on the biology, 
ecology, and biological control of the Mexican bean 
beetle resulted in lasting contributions to our knowl- 
edge of this insect. He is credited with being one of 
the first to test derris root powder for the control of 
the bean beetle. The results of his investigations with 
rotenone-bearing roots made a major contribution to 
the control of the Mexican bean beetle with this in- 
secticide. 

Although he was chiefly known for his work on the 
control of the Mexican bean beetle, he was extremely 
interested in all insect pests of vegetable crops and 
was quick to recognize their importance. The work 
at the Columbus laboratory was expanded in the late 
30’s to include the testing of new insecticides on 
other vegetable insects. His research on many of 
these pests resulted in important contributions to 
their control. Even though he was known for being 
conservative regarding publishing results, his re- 
search activities formed the basis for more than 60 
publications. 

One of Dr. Howard’s outstanding attributes was 
his leadership ability. He was able to inspire his men 
and was known for being fair and just. He had a bril- 
liant mind and was held in high esteem by his asso- 
ciates for his wealth of entomological knowledge and 
his research ability. He was truly a loyal American. 
\ number of his former employees now hold respon- 
sible positions in entomology and related fields. They 
acknowledge their debt of gratitude for his guidance 
and deep interest in their progress during the early 
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stages of their careers. For them, Dr. Howard's 
death has a deeper and more personal significance. 

In religious and social affairs he was a member of 
the Episcopal Church, Rotary Club of Columbus, 
Ohio, American Legion, and was a Thirty-second 
Degree Scottish Rite Mason. He was a member of 
the American Association for the Advancement of 
Science, Entomological Society of America, Ameri- 
can Association of Economic Entomologists, Ohio 
Academy of Science (Fellow), Columbus Ento- 
mological Society, Sigma Xi, and Gamma Sigma 
Delta. His avocational interests were photography, 
boating and St. Bernard dogs. 

Dr. Howard was married to Miss Lena Shoots on 
June 24, 1917. He is survived by her and three sis- 
ters, Martha Howard Smith, Elizabeth Howard 
Richards, and Mrs. K. J. Thompson. 

Horatio C. Mason and R. H. NELson 





Perry Kips Barrison 
1891-1952 


Perry Kips Harrison, a long-time member of the 
American Association of Economic Entomologists, 
died on December 16, 1952 from a heart attack. He 
was born August 16, 1891, in Neshoba County, Mis- 
sissippi, was reared on a farm and attended the pub- 
lic schools of his community and engaged in teaching 
for several years prior to entering college. 

Mr. Harrison graduated from the Mobile Business 
College and was employed by the Louisville and 
Nashville Railroad at Evergreen and Montgomery, 
Alabama, just prior to World War I. He entered 
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military service in 1918 and was a member of the 
American Expeditionary Forces in Europe, and saw 
front-line duty from September 20 to November 11, 
1918. Returning from the war, Mr. Harrison entered 
Mississippi A. & M. College (now Mississippi State 
College) and received his Bachelor of Science degree 
in 1925. He did graduate study at the University of 
Maryland, receiving his Master of Science degree in 
1930. 

During 1925-1926 he was employed by the Ari- 
zona State Department of Agriculture and served as 
a Quarantine Inspector at the Yuma Station. He re- 
signed from this position and entered the service of 
the Bureau of Entomology and Plant Quarantine in 
1926 and remained with the Bureau until he was re- 
tired October 29, 1951. During his service with the 
Bureau, he worked with the sweet potato weevil 
project in Mississippi for several years, spent some 
years in South Carolina, and for many years was sta- 
tioned at the Louisiana State University, where he 
did research on cole crop insects and the sweet po- 
tato weevil. 

Mr. Harrison was the author and co-author of a 
dozen or more circulars, leaflets, pamphlets, and bul- 
letins—the most noteworthy of these being: “Biol- 
ogy and Control of the Turnip Aphid,” published by 
the Louisiana Agricultural Experiment Station; 
“The Turnip Aphid,” Farmer’s Bulletin published 
by the U.S.D.A.; “A Study of Arsenical Dusting of 
Cabbage in Relation to Poisonous Residue.” One of 
his most recent investigations was reported in the 
following paper: “Laboratory Tests of New Com- 
pounds as Insecticides Against the Sweet Potato 
Weevil,” published in the JourNAL or Economic 
ENTOMOLOGY. 

Mr. Harrison was married in 1923 to the former 
Vesta Gardner, who survives him. They have two 
sons, the older of whom is now a graduate student in 
Entomology at Louisiana State University. He was 
public spirited and interested in the various activi- 
ties of his community, being a member of the Baptist 
Church, the National Geographic Society, The Amer- 
ican Legion, the Baton Rouge Camellia Society, the 
American Association of Economie Entomologists, 
and a past member of the Entomological Society of 
America. At the time of his death, he was connected 
with the Louisiana State Tax Commission. 

Kirsy L, CockerHAM 





William Ernest Blaubelt 


Dr. William Ernest Blauvelt, professor of ertto- 
mology at Cornell University and the first entomolo- 
gist in New York State, to work with florist crops, 
died unexpectedly at his home on February 2, 1953. 

Known to greenhouse operators and nurserymen 
throughout the country, Dr. Blauvelt was largely 
responsible for reducing the insect problem of florists 
from a Number 1 problem to one of the lesser wor- 
ries. 

His efforts to control spider mites began in the 
1930’s. Working with the systemics on the “let the 
plant kill the bug” theory, he developed selenium as 
a soil treatment at a time when nothing was better. 
It is still widely and effectively used. 

Azobenzene developed by Dr. Blauvelt was the 
first successful fumigant for spider mites on roses and 
proved to be a lifesaver to the rose grower at the be- 
ginning of the war when labor was impossible to get. 
It permitted rose growers to increase production by 
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about 25 per cent and still is frequently employed in 
off-crop periods. 

He next shifted to phosphate materials and with 
Dr. Floyd Smith of the USDA he was responsible for 
the development of HETP, TEPP, and parathion 
aerosols for greenhouse use. His work in adapting 
parathion to greenhouse use earned him the award 
of the American Society of Florists in 1949. 

At the time of his death, Dr. Blauvelt was at work 
developing combinations of insecticides that would 
be effective against resistant spider mites. 

Dr. Blauvelt was born July 2, 1903 in Mt. Vernon, 
New York and was graduated from Haverstraw 
High School. He received a B.S. degree from Cornell 
in 1926 and a Ph.D. degree in 1934. After graduation 
he was assistant county agent in Orange County in 
1927 and in Niagara County in 1928. 

He returned to Cornell as extension instructor in 
1928 and became an assistant professor in 1945 and 
a full professor in 1947. 

He was a member of Alpha Zeta Fraternity and 
Sigma Xi and Epsilon Sigma Phi, honorary societies, 
and of the Entomological Society of America and the 
American Association of Economic Entomologists. 
He had been secretary and later chairman of the Ex- 
tension Section of the latter group. 

He is survived by his wife, Mrs. Helen H. Blau- 
velt; a son, Andrew Hayden Blauvelt; and two sisters 
Mrs. Winston Perry of Nyack and Mrs. Edward 
Nevins of West Nyack. 





Philiy Walter Berg 


The following memorial was adopted at a faculty 
meeting at Purdue University, Lafayette, Indiana. 

“In the passing of Philip Walter Berg, April 14, 
1953, Purdue University and the Department of En- 
tomology in particular lost a conscientious and loyal 
worker and an excellent teacher. 

“Mr. Berg was born October 13, 1918, at Miles 
City, Montana. After graduation from the Marietta, 
Ohio, high school, he attended Marietta College 
where he received his B.A. degree in 1940. Subse- 
quently he took graduate work at Ohio State Univer- 
sity, University of Towa, Wood’s Hole Biological 
Laboratory, and Purdue University. He completed 
work for bis M.S. degree at Purdue in 1948 and at the 
time of his death was completing work for his doc- 
torate. 

“Coming to Purdue for graduate work in 1946, he 
was counsellor at Cary Hall and graduate assistant 
in the Department of Entomology. In 1948 he be- 
came instructor in the Department. 

‘He was technical sergeant in the Malaria Survey 
of the Army from1943 to 1945. 

“Mr. Berg’s scholastic activities and interest in 
science are witnessed by his membership in Phi Beta 
Kappa, Sigma Xi, Gamma Alpha, American Associ- 
ation for the Advancement of Science, Entomologi- 
cal Society of America, and Indiana Academy of Sci- 
ence. He was a member of the social fraternity Delta 
Upsilon. 

“Philip Berg is survived by his wife, Dora Ross 
Berg and son, Ralph, bis parents, Philip T. and Ida 
Wichern Berg, and a sister, Catherine Berg Se- 
mans.” 
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The Natural Control of the Alfalfa 
Looper in Central California 


M. PutrarupRIAH 


Autographa californica (Speyer) is one of the many 
insect pests to which alfalfa, Medicago sativa L., a 
major hay crop in California is subjected. The adult 
is a Noctuid moth, laying eggs after dusk on the 
leaves; the caterpillars moving in a looping manner 
feed on the leaves. The pest, though seen in large 
numbers, has not caused any anxiety to the growers, 
perhaps due to the controlling action of a number 
of natural enemies. The object of this note is to 
present the results of study during 1948, regarding 
the extent of natural incidence and the economic 
importance of the various natural enemies. 

Autographa californica has a characteristic “gam- 
ma” mark on the forewings with black mottlings, 
the hind wings being lighter. The egg stage lasts 
7 days after which the larvae feed on the leaves. 
There are five molts with 3-day interval molts. 
The larvae pupate in loose white silken cocoons 
among leaves on the plant, the pupal period varying 
from 10 to 15 days. The whole life cycle from egg to 
adult requires 26 to 48 days. 

Parasites Reirepv.—The following parasites, 
(one dipterous and five hymenopterous) were reared 
from infected caterpillars collected from the fields. 
Voria ruralis Fallen, a dipterous tachinid larval 
parasite. Microplitis alaskensis Ashm., Microplitis 
sp., Apanteles hyslopi Vier., braconid larval para- 
sites. Sagaritis webster’ Vier., and Patroclus montanus 
Cresson, Ichneumonid larval and larval-pupal para- 
sites respectively. 

Many caterpillars were killed by bacterial and 
fungus diseases, younger instars being particularly 
affected. The older caterpillars when infected were 
not able to form healthy pupae. 

INCIDENCE OF THE Various ParasitEs.—From 
collections of caterpillars made during March to 
May 1948, at Tracy and Patterson, it was revealed 
that the total percentage of parasitism was 33.3 per 
cent of which the Tachinids alone accounted for 
24.24 per cent, the rest constituting the Hymenop- 
terous parasites. The incidence of parasites was high- 
er in May in 1948 than in previous months. All stages 
of the caterpillars except the very young, were found 
parasitised. The number of Tachinid flies emerging 
from a caterpillar ranged from one to seven, usually 
2 or 3; rarely a single fly emerging. Hymenopterous 
parasites were usally single on a caterpillar, but 
Apinteles hyslopi Vier., produced several to each 
host. 

INCIDENCE OF DisE\sEs.—Many caterpillars died 
from bacterial and fungus diseases. The caterpillars 
attacked by bacteria turned pale white, swelled and 
then melted down, a foul smelling fluid oozing out 
from the body. The fungus infected ones showed 
green color at the anterior and posterior ends and 
were sluggish and died in 2 to $ days. I. A. Steinhaus 
confirmed the presence of these diseases. He found 
small, gram-negative rod-shaped bacteria in the 
specimens not affected by fungvs. 

The incidence of these diseases was found to be 
about 40.9 per cent in the field, almost equal in ex- 
tent to parasitism occurring in nature, if not greater. 

Both the parasites and diseases were found to 
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take a heavy toll of the caterpillars, to the extent of 
about 70 to 80 per cent, thus keeping the pest below 
the economic threshhold. 

SraGe or THE Host PREFERRED BY DIFFERENT 
ParasitEs.—All the stages of the caterpillar were 
preferred by the several parasites, except for Pa- 
troclus mentanus Cresson, which oviposited in older 
caterpillars; the parasitised caterpillars pupated 
successfully, and the adult wasp emerged from the 
pupa. 

SYMPTOMS OF THE PARASITISED CATERPILLARS. 
—TIn all cases of parasitisation, the caterpillar was 
found to become inactive and quit feeding; the color 
changed from normal green to pale white. In the 
case of the Tachinid fly—Voria ruralis Fall, small 
holes could be easily made out on the dorsal and 
lateral sides of the victim, showing where the mag- 
gots had pierced its body while entering. The holes 
were circular with a black scar around each of them. 
In advanced cases of parasitisation, puparia could 
be made out through the skin of the host. With some 
experience, host caterpillars parasitised by the Tach- 
inid fly could be made out by the presence of the 
wound scars, and in later stages by the mature mag- 
gots about to pupate seen through the thin skin. 

P. montanus was for the first time recorded as 
parasitising the late larval stage ot the host, the adult 
parasite emerging from the host pupa. The parasi- 
tised host showed no particular symptoms, but 
looked healthy and pupated like the normal caterpil- 
lar. But in some cases the pupa turned darker than 
the normal healthy brown pupa. Otherwise it was 
not possible to make out the parasitisation. 

The parasitic grub of M. alaskensis, and Micro- 
plitis sp., came out on the left side of the host 
caterpillar, near the first two pairs of prolegs, 
through a small circular hole which appeared as a 
wound scar. The parasitic cocoon was held in both 
sases between the middle and anal pairs of prolegs of 
the caterpillar, which died holding the cocoon. 
Sometimes it remained alive and was green in color, 
but unable to move. In about a day, it moved av ay 
from the cocoon and died, the color changing frm 
green to pale brown. 

Economic IMPORTANCE OF THE NATURAL ENE- 
migs.—Though A. californica is a serious pest on 
economic crops, it has not been a major pest on 
alfalfa in California, largely due to the incidence of 
various parasites and diseases, which take a heavy 
toll, to the extent of 70 to 80 per cent of the host. 
The incidence of the parasites was found to be 33 to 
35 per cent. of which the Tachinids were 25 per cent 
and played a prominent part constituting an im- 
portant control measure in nature. 

In California, the pest was completely held in 
check by the natural enemies and no control meas- 
ures were found necessary, and the alfalfa, a major 
hay crop was saved without costing the farmer 
anything. 

The Dipterovs parasite was identified by Mr. 
C. W. Sakrosky; the Hymenopterous parasites by Dr. 
C. F. W. Muesebeck; the diseased specimens were 
examined by Dr. E. A. Steinhaus. Dr. A. E. Michel- 
bacher, Prof. E. O. Essig and Dr. E. A. Steinhaus 
gave helpful suggestions and read through the origi- 
nal typescript of the thesis and approved it from 
which this note is adopted. To all of them [ am grate- 
ful. 





PROPOSED ADDITIONS TO THE COMMON NAME LIST, AND ONE CHANGE OF A 
ComMMON NAME 


On page 1114 of the December 1952 issue of the 
JOURNAL OF Economic EntomMo.Locy 19 new names 
proposed for the List of Common Names of Insects 
and one name for which a change was proposed were 
published after having been approved by the Com- 
mittee on Common Names. Substantial objections 
have been registered by members of the Society with 
respect to the proposed common names of Neodi- 
prion americanus americanus (Leach), N. virginiana 
Roh., and Reticulitermes flavipes (Kollar). In accord- 
ance with established procedure, those three names 
are thus rejected, and the remaining names on that 
list are officially adopted. 

The Committee on Common Names has approved 
proposals for the following additions to the Common 
Name List. Members of the Society are requested to 
indicate any disapproval of the present proposed ad- 
ditions within 30 days after receipt of the JourNAL, 
preferably by writing to the undersigned. Unless sub- 
stantial reasons for disapproval are given, the addi- 
tions will stand as approved by the Society. 


COLEOPTERA 


Amphimallon majalis (Raz.) ..... European chafer 
Balvosus ruber (Web.) basswood leaf miner 
Phytodecta americana Schffr.. American aspen beetle 


LEPIDOPTERA 


Aroga websteri Clarke....... . . .sagebrush defoliator 


.clover looper 


Caenurgina crassiuscula Neate es 
...elm sphinx 


Ceratomia amyntor (Hbn.). . 
Evergestis straminalis (Hbn. e 
purple- backed cabbagew orm 
Lamdina AES lugubrosa (Hist.).... 
western hemlock looper 
Lamdina somniaria (Hst.).. .. .0ak looper 
Laspeyresia youngana (Kearft. a . conifer seedworm 
Lithocolletis tremuloidiella ( Braun) 
aspen bloth miner 
Malacosoma lutescens (N. & D.).. 2... 22. 
prairie tent caterpillar 
Nymphalis californica (Bdv.)................ 
California tortoise-shell 
S paelotis havilae (Grt.).. western w-marked cutworm 
Sphinz chersis (Hbn.)........... great ash sphinx 
Zeiraphera ratzeburgiana (Ratz.)...spruce tip moth 


HYMENOPTERA 


Neodiprion nanulus Schedl........ .red-pine sawfly 
Neodiprion sertifer (Geoff.)... European pine sawfly 


ARACHNIDA 


Amblyomma tuberculatum Marx . gopher-tortoise tick 
Penthaleus major (Duges) blue oat mite 
Petrobia latens (Mull. De _brown wheat mite 
Eotetranychus carpini borealis (Ew ing).. 

yellow spider mite 


A Proposep CHANGE 


Melophagus ovinus (L.) (Diptera). It has been pro- 
posed that the common name be changed from 


“sheep-tick” to “sheep ked,”’ for the reason that this 
insect is not a true tick and that when “sheep-tick” 
is used an explanation is frequently necessary. True 


ticks also occur on sheep. ‘Sheep ked”’ is widely used 
abroad. Members who disapprove should register 
their objections in the same way as for proposed ad- 
ditions. 


A New EbpITIOoN oF THE COMMON NAME List 


At present the Committee hopes to publish a new 
addition of the Common Name List in 1954, so that 
it is desirable that corrections in the 1950 list and 
proposals which members wish to make be submitted 
to the Committee in 1953. 

AsHLeY B. GuRNEY 

U.S. Bureau of Entomology and 
Plant Quarantine 

Washington 25, D. C. 

Chairman, Committee on Com- 
mon Names of Insects 





Tue ErgutH ANNUAL MEETING OF THE NORTH CENTRAL 
BRANCH OF THE AMERICAN ASSOCIATION OF ECONOMIC 
Entomo.oaists Was CALLED TO ORDER BY 
PreEsIDENT T. H. Parks at 10:30 a.m. 


BUSINESS SESSIONS 
T. H. Parks, Presiding 
J. W. AppLE, Secretary 


First Business SESSION 
Tuurspay. Marcu 19, 1953 


Report from secretary on actions taken by the 
Executive Committee. 

The first of two Committee meetings was held 
December 17, 1952 at Philadelphia during the an- 
nual meeting of the A.A.E.E. Because of the tragic 
death of C. J. Weinman in November it was neces- 
sary for the Committee to appoint a new chairman 
for the Nomination Committee and an alternate to 
provide three members on this Committee. The 
Executive Committee selected A. W. Buzicky as 
chairman and R. H. Davidson as alternate. 

The second Executive Committee meeting was 
held at St. Louis on March 18, 1953. At this time, 
the status of Branch finances was discussed and it 
was agreed that increased revenue should be sought 
from increased sales of the Proceedings rather than 
from an increase in registration fee and/or charge for 
Proceedings. During the past four years, the sale of 
Proceedings has ranged from 356 to 420 copies a 
year. It was felt that the sale of 100 additional copies 
would provide ample revenue for meeting the cost of 
publishing the Proceedings and holding the annual 
meeting in the manner desired by the membership. 
Those in attendance at the 1953 meeting were to be 
urged to promote the sale of Proceedings among 
members and others who were unable to attend the 
annual meeting. 

At the 1952 meeting in St. Paul, the membership 
passed a resolution (No. 6) requesting the Executive 
Committee “to explore the possibilities of having ab- 
stracts of talks submitted in advance so that they 
may be assembled for distribution to the member- 
ship at the time of registration.” The Committee 
took this suggestion under advisement but they did 
not feel that such a procedure was desirable because 
it would detract from the value of the Proceedings. 
Instead, members were notified in the program for 
the 1953 meeting that mimeographed summaries of 
their talks might be prepared for distribution during 
the presentation of topics. 

PRESIDENT Parks announced that entomologists 
in Wyoming and Montana had indicated an interest 
in affiliating with the North Central States Branch 
of the A.A.E.E. It was moved, seconded and ap- 
proved unanimously to accept the two states. 

G. C. Decker, chairman of the Constitution Re- 
vision Committee, was called on to present the re- 
vised Branch constitution, the approval of which 
would make the organization a Branch of the newly 
formed Entomological Society of America. Since 
most members had had a chance to study the new 
constitution before coming to the meeting, Decker 
proposed that the constitution be considered as a 
whole and thus avoid presentation of individual sec- 
tions for approval. Ray Hutson moved that we ac- 
cept the constitution as written except for any sec- 


tions that might be objected to in the discussion of 
the motion. This motion was seconded by H. A. 
Gunderson. 

J. H. Biecer.—It is very difficult for many en- 
tomologists to choose a single interest group affilia- 
tion as proposed by the E.S.A. 

G. C. Decxer—This matter must be taken up 
with the Society. The new Branch constitution does 
not require that its members indicate a field of spe- 
cial interest for any purpose whatsoever. 

No further discussion resulted so President Parks 
called for a vote on Hutson’s motion. It passed 
unanimously, thus making the organization the 
North Central Branch of the Entomological Society 
of America. 

CHAIRMAN Parks asked for a show of appreciation 
from the membership for the fine work done by the 
Constitution Revision Committee composed of G. C. 
Decker, H. M. Harris and C. E. Mickel. 

CHAIRMAN Parks called on A. W. Buzicky to pre- 
sent the nominations for new officers of the Branch. 


Chairman—G. C. Decker and C. E. Micke 

Chairman-elect—T. C. ALLEN and W. A. Price 

Sec’y-Treas.—R. W. Ries and J. M. Wricut 

Representative on the Governing Board E.S.A.—R. C. 
SmitH and J. W. APPLE 


Executive committee members at large— 


One year—Ray Hutson and J. J. Davis 
Two years—T. H. Parks and Ler Jenkins 
Three years—H. M. Harris and R. E. Hitu 


No additional nominations were presented so 
Chairman Parks instructed members to cast their 
ballots before 6 P.M., March 19, 1953. 

CHAIRMAN Parks introduced the members of the 
Program and Local Arrangements Committee and 
thanked them for their splendid work. 


Program Committee 
L. K. CurKomp, Chmn. 
E. Hrxson 
D. W. Hamitton 

Local Arrangements Committee 
Lee JENKINS, Chmn. 
MarsHALL MAGNER 
H. B. Perry 
S. C. CHANDLER 
P. C. STONE 
R. E. Rose.ie 


CHAIRMAN Parks appointed R. T. Everly as Re- 
corder and announced his selection for the Nominat- 
ing Committee for the 1954 meeting. 

H. O. Deay, Chmn. 
Frep FLETCHER 
MILTON SANDERSON 


CHAIRMAN Parks requested invitations for the 
1954 meeting so that they might be reviewed by the 
Executive Committee. Invitations were not needed 
for 1955 because this meeting had already been set 
for March 24-25 at East Lansing, Michigan. 

Meeting adjourned by Chairman Parks. 
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BuFFET SUPPER 
Tuurspay, Marcu 19, 1953 


The Monsanto Chemical Company was host to 
those in attendance at a delightful buffet supper 
served in the ballroom of the Statler Hotel. The meal 
was followed by an entertaining and educational 
moving picture entitled “Sunrise Serenade” which 
described the mating habits of various grouse. A sec- 
ond picture, provided by Dr. Palm of New York, 
dealt with the spread and control of Dutch Elm Dis- 
ease in his state. 


FiInAL BusINEss SESSION 
Fripay, Marcu 20, 1953 


The meeting was called to order by Chairman 
Parks at 11 A.M. The chairman presented a letter 
from George Langford requesting advertising and 
subscriptions from commercial concerns for Entoma. 

The chairman called for the following reports: 


TREASURER’S REPORT 
Marcu 26, 1952 ro Marcu 18, 1953 


Credits 


Balance in Treasury—March 26, 1952 $107.97 


Sale of 1952 Proceedings at St. Paul Meeting: 
299 copies @$2.00. . 
Sale of 1952 Proceedings after St. Paul Mee ting: 
95 copies @82.50 _ ; 237.50 
Sale of 19 copies of back-dated Proceedings @$2.00.. 
apy 1953 Proceedings. . 


598.00 


38.00 
2.50 
1. 71 


8985 5.68 


Advance payment for 1! ¢ 
Bank interest......... 


Tora 


Debits 
J. H. Bigger Program Committee expenses. . ; 8 
A. W. Buzicky Local Committee expenses 2.00 
Fish and Schulkamp for Fidelity Bond. . ‘ 10.00 
J. W. Apple for St. Paul Meeting expenses. . . 37.21 
R. T. Everly for St. Paul Meeting expenses 33.78 
Letter Shop for mimeographing and mailing 123.20 
Branch for stamps sent as part of Proceedings payme nt .50 
Univ. of Minn. Visual Aid Service nad Cheeta 119.97 
Norma Itten for stenographic help ’ 15.00 
Cost for preparing 1952 Proceedings ea ; 593.34 


6.00 


TOTAL. < «0 $941.00 


Balance on hand March 18, 1953 ; : . 8 44.68 


J. W. Apple 


Secretary- Treasurer 
Report oF AUDITING COMMITTEE 
Treasurer’s Report audited and found correct. 


H. Bigger, Chmn. 
E. L. Cu aMBERS 


Treasurer's Report accepted unanimously by 


membership. 


Report oF RESOLUTIONS COMMITTEE 


Wuereas, the program committee has arranged 
an interesting and instructive program which 
meets the requirements of both economic and 
basic phases of entomology, now therefore 

Be It Resolved, that the North Central Branch of 
the Entomological Society of America com- 
mend the excellent work done by the program 
committee. 

WuereEas, the meetings of the North Central 
Branch have always been characterized by in- 
formality and full discussion, as exemplified by 
this present session, 
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Be It Resolved, that future program committees 
strive to the utmost to continue and encourage 
this ideal. 

Wuereas, the local arrangements committee has 
arranged an abundance of facilities to expedite 
the conduct of the meetings, particularly in the 
field of visual aids equipment, now therefore 

Be It Resolved, that this Branch commend the 
committee’s efforts. 

Wuereas, the committee for preparing the new 
constitution for this Branch has discharged its 
duties admirably, therefore 

Be It Resolved, that the North Central Branch of 
the E.S.A. congratulate the committee mem- 
bers for their efforts. 

5. WHEREAS, we have enjoyed the wonderful hospi- 
tality of the Monsanto Chemical Company at 
the buffet supper, 

Be It Resolved, that the members of this Branch 
thank the Monsanto Chemical Company for 
this fine evidence of friendship. 

. Wuereas, Herbert Osborn celebrated his 97th 
birthday on March 19, 1953. 

Be It Resolved, that the secretary be requested to 
forward to Prof. Osborn this formal expression 
of good wishes from the North Central Branch 
in which Prof. Osborn has been so active, in ad- 
dition to the telegram sent March 19, 1953. 

. Wuereas, Montana and Wyoming have been ac- 
cepted into the North Central Branch of the 
Entomological Society of America, 

Be It Resolved, that we welcome them to the fel- 
lowship and friendship of this Branch and its 
members. 

WueErEAs, persistent rumors recur concerning the 
possible reorganization or dispersion of the 
U.S. Bureau of Entomology and Plant Quar- 
antine, to the detriment of activities now in 
progress, therefore 

Be It Resolved, that our Secretary forward to the 
Secretary of Agriculture an expression of ou! 
belief that the interests of entomology and the 
country can best be served by the present or- 
ganization of the Bureau of Entomology and 
Plant Quarantine. 

. Wuereas, a great deal of confusion and anxiety 
surround the present lack of official status of 
residues on and in food products, in spite of the 
fact that FDA Tolerance Hearings were com- 
pleted two years ago, 

Be It Resolved, that this Branch urge the estab- 
lishment and formal publication of residue tol- 
erances on and in food products before the 1954 
crop season, and that the secretary forward this 
resolution to the Administrator of the Federal 
Security Agency. 

E. Bussart 
W. W. FRANKLIN 
ALVAH PETERSON 
Harotp GunpeErson, Chmn. 


All resolutions accepted unanimously by member- 
ship. 

CHAIRMAN Parks announced that the Executive 
Committee had selected Omaha, Nebraska, for the 
1954 Branch meeting. Dates selected were March 25 
and 26 and the Headquarters Hotel would be the 
Paxton. As announced earlier, the 1955 meeting will 
be held in East Lansing, Michigan, on March 24 and 
25. 

CHAIRMAN Parks asked for a show of appreciation 
for the retiring Secretary-Treasurer, J. W. Apple, 
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who has served for seven years in this office of the 
Branch. 


REPORT ON THE ELECTION OF 
OFFICERS 

Chairman—G. C. DeEcKER 
Chairman-elect—T. C. ALLEN 
Sec’y-Treas.—Roy W. Rinas 
Rep. to Governing Board—J. W. ApPLE 
Executive Committee members at large— 

One year—Ray Hutson 

Two years—T. H. Parks 

Three years—H. M. Harris 


CHAIRMAN Parks requested the new officers to 
come forward whereupon he passed the direction of 
the Branch to the newly elected Chairman, G. C. 
Decker. 

CHAIRMAN Decker expressed his appreciation for 
the honor bestowed on him by fellow entomologists. 
lle thanked the membership for their acceptance of 
the new constitution and requested that members 
send any proposed changes in the constitution to a 
committee composed of H. M. Harris, Chmn., C. E. 
Mickel and J. H. Bigger. Chairman Decker ap- 
pointed Roscoe Hill as chairman of the Local Ar- 
rangements Committee and Harold Gunderson as 
chairman of the Program Committee for the 1954 
meeting. 

The Chairman called for new business. 

J.J. Davis: Volume V of the Thomas Say Foun- 
dation will be available in April. This 
volume is entitled “Aphids of the 
Rocky Mountain Region” by Miss 
Miriam Palmer. 

Please send order to me at Lafay- 
ette, Indiana. The prepaid cost is 
$10.25. 

Meeting adjourned by Chairman Decker. 

NOTES 
Donaup R. Jounson 

Donald R. Johnson of the United States Public 
Health Service is now back at 2271 Commonwealth 
Avenue, St. Paul 8, Minnesota after a two-year stay 
in Indonesia, to which country he was assigned by 
United States Technical Cooperative Administra- 
tion. While in Indonesia he was connected with the 
Malaria Section of the Indonesian Ministry of 
Health, and studied the “Suspensibility of Water- 
dispersible Powder Concentrates Used for Malaria 
House-spraying Programs,” because of difficulties 
experienced with wettable powder insecticides dur- 
ing his stay there. The results of his studies were 
printed in the Journal of the Indonesian Medical 
Association, Vol. 3, No. 5, 1953, under the above 
title. 
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CHANGES IN THE BUREAU OF ENTOMOL- 
OGY AND PLANT QUARANTINE, U. S. 
DEPARTMENT OF AGRICULTURE 


Dr. F. C. Bishopp associated with the Bureau 
since 1904 resigned his position as Assistant Chief on 
June 30, 1953, to accept a position with the Oscar 
Johnston Cotton Foundation as coordinator of all 
Federal, State, and industry-sponsored research con- 
cerned with the control of the pink bollworm, with 
headquarters at Brownsville, Texas. 

Dr. Edward F. Knipling replaces Dr. Bishopp as 
Assistant Chief in charge of Research effective July 
1. Since 1946 Dr. Knipling has been Leader of the 
Division of Insects Affecting Man and Animals. 

Dr. Arthur W. Lindquist was named Head of the 
Division of Insects Affecting Man and Animals ef- 
fective August 1. Since 1947 Dr. Lindquist has been 
in charge of the laboratory at Corvallis, Oregon, 
headquarters for the work concerned with control of 
insects affecting man and animals in the Northwest. 

Mr. Ralph A. Sheals, Assistant Chief in charge of 
Administrative Functions of the Bureau for the past 
3} years retired from Federal service on June 30. 
He was succeeded by Mr. Henry G. Herrell, long- 
time employee of the U. S. Department of Agricul- 
ture, whose appointment was effective July 1, 1953. 

Mr. Eugene P. Reagan, Plant Quarantine Official 
of the Department since 1929, was appointed As- 
sistant Chief in charge of Regulatory Activities of 
the Bureau, effective July 15. His appointment fills 
a post vacant since the late S. A Rohwer transferred 
from the Bureau in December, 1950. 

Mr. E. R. Sasscer, Chief of the Division of Plant 
Quarantines, who has had leadership in and the re- 
sponsibility for the foreign plant quarantine work 
since its inception in 1912 became Staff Assistant to 
the Chief of the Bureau on July 15, in order to per- 
mit bim to devote his full time to summarizing the 
results of the work under the Plant Quarantine Act 
since 1912, and making recommendations for im- 
proving the functions authorized by that Act, and 
suggesting desirable changes in legislation that might 
make this function more effective. 

Mr. Horace S$. Dean, Assistant Division Leader, 
Division of Plant Quarantines, on July 15, 1953, be- 
came Coordinator of Plant Quarantine Operations 
serving under the general direction of the Assistant 
Chief in charge of Regulatory Activities and assist- 
ing him in administering the plant quarantine pro- 
gram. Mr. Dean will also serve as Air Coordinator 
for the Department as ARA representative on the 
Subcommittee on Facilitation of International Civil 
Aviation of the President’s Air Coordinating Com- 
mittee, and on other committees related to agricul- 
tural quarantine. 

The functions of the Division of Plant Quaran- 
tines will be regionalized July 1, 1954. 








PROCEEDINGS OF THE FIRST ANNUAL MEETING 
SOUTHWESTERN BRANCH 


ENTOMOLOGICAL SOCIETY OF AMERICA 
Galveston, Texas, February 26-27, 1953 


The First Annual Meeting of the Southwestern 
Branch of the Entomological Society of America was 
held in Galveston, Texas, February 26-27, 1953. 

The meeting was called to order by Chairman 
P. J. Reno. Following the invocation Vice-Chairman 
Clyde A. Bower assumed the chair and presented 
Mr. P. J. Reno for the annual address of the Chair- 
man. The title of the address was ““The Importance 
of Public Relations to Entomology.” 

The assembled group of 195 enjoyed invitational 
papers by C. E. Palm, President, Entomological So- 
ciety of America, ““The Challenge of the Ento- 
mological Society of America’; E. Gorton Linsley, 
Chairman, Division of Entomology, University of 
California, Berkeley, California, “Role of Basic Re- 
search in Entomology”; and E. W. Laake, Office of 
Foreign Agricultural Relations, Washington, D. C., 
“Livestock Insectsand Their Control in Central and 
South America.’’ Twenty-six submitted papers were 
presented. 

An informal beach party was held on Wednesday 
night and a banquet on Thursday evening. Jack 
Criswell, National Cotton Council, acted as Toast- 
master at the banquet. 

Chairman Reno called for the following reports: 


‘TREASURER’S Report 
2-29-52 Balance on hand $537 .58 
Receipts: 


2-29-52 Registration. 264.00 

$801.58 
Disbursements: 

Programs Ree $ 40.00 

Projector Rental. . . . 15.00 

Badges. . ; 29 .83 

Stamps Peres 52.82 

Printing and supplies. . . 144.15 


$281.80 $281.80 


Balance. $519.78 

Respectfully submitted, 
SHERMAN W. CLARK 
Secretary-Treasurer 


REPORT OF THE AUDITING 
COMMITTEE 


We, the Auditing Committee of the Southwestern 
Branch, Entomological Society of America, have on 
this 26th day of February, 1953, examined the re- 
ceipts and expenditures of the Secretary-Treasurer of 
the Branch and do hereby certify that said receipts 
and expenditures are in order. 

Respectfully submitted, 
C. L. Smitu, Chairman 
GerorGE P. WENE 
Epwin J. O’NEAL 


REPORT ON THE 1954 MEETING 


A mail ballot was sent to the membership No- 


ry 


( 


vember 11, 1952, relative to holding a joint meeting 
in Dallas, Texas, with the Southern Agricultural 
Workers in 1954. The results of this ballot showed 
109 for and 18 against. This report was accepted by 
the membership. 
SHERMAN W. CLarK 
Secretary-Treasurer 


REPORT OF THE NOMINATING 
COMMITTEE 


The nominating committee nominated officers for 
1953 as follows: 

Chairman: D. E. Howeuu 

Vice-Chairman: DouGa EarLey 

Executive Committee: Joun LANDRUM 

Representative Board of Governors: J. C. GAINES 


The membership unanimously approved the nom- 
inations, 


CHANGES IN CONSTITUTION AND 
By-Laws 


In accordance with proposed changes in the Con- 
stitution and By-Laws of the Southwestern Branch 
to conform with the new Society, the membership 
was circularized thirty days before this meeting rela- 
tive to these changes. At the business session all 
changes were approved unanimously by the member- 
ship. 

SHERMAN W. CLarK 
Secretary-Treasurer 


REPORT OF THE COMMITTEE ON 
RESOLUTIONS 


The following resolutions were adopted by the 
membership: 

Be it resolved that the sincere appreciation of the 
membership of the Southwestern Branch of the En- 
tomological Society of America be expressed to the 
local arrangements committee, in cooperation with 
our friends of industry, for the excellent entertain- 
ment provided at the annual banquet and in the 
form of a beach party; to the program committee for 
the outstanding program presented, especially for 
securing the participation of the guest speakers; to 
Drs. C. E. Palm, E. Gorton Linsley, and E. W. 
Laake, for the very informative talks delivered by 
each; to the Galveston Chamber of Commerce for 
providing entertainment in the form of a tour of in- 
teresting places for the visiting ladies; to the man- 
agement of the Hotel Galvez for the facilities pro- 
vided for the use of the Branch in its First Annual 
Meeting, and to Mrs. W. C. Maxwell and Mrs. Grace 
Amundsen for their generous cooperation in register- 
ing members and handling the banquet tickets. 

Be it further resolved that each member of the 
Branch make every appropriate effort to advance 
the cause of Entomology along the lines suggested by 
President Palm and Branch Chairman Reno; the 
secretary is hereby instructed to advise all agencies, 
parties or organizations included in these resolutions 
of the action taken. 
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Be it further resolved, in view of the critical pink 
bollworm situation, that this Branch go on record as 
urging continuation of an aggressive pink bollworm 
control program and commending the plan of the 
Bureau of Entomology and Plant Quarantine in co- 
operation with the Oscar Johnston Foundation and 
the Experiment Stations of all cotton growing states 
in their plans to expand research on the pink boll- 
worm in an effort to establish more infallible meth- 
ods of control of this insect and that the Branch Sec- 
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retary be instructed to advise the Secretary of Agri- 
culture, the Chief of the Bureau of Entomology and 
Plant Quarantine, the Oscar Johnston Foundation 
and appropriate State officials of this action. 
Respectfully submitted, 


MeEMBERS AND GUESTS REGISTERED 
SOUTHWESTERN BRANCH 
ENTOMOLOGICAL SOCIETY OF AMERICA 
FEBRUARY 26-27, 1953 


Acock, Robert H. 
Akin, Bill 
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Beckman, Herman 
Becnel, I. J. 
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Craine, Fred A. 
Criswell, Jack F. 
Cron, M. H. 
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Jackson, W. S. 
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Davis, Louis G. 
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Dubuisson, E. B. 
Laake, Ernest W. 
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Lee, H. W. 

Lett, E. R. 

Lindsey, B. S. 
Linsley, E. G. 
Linsley, R. B. 
Lloyd, Ralph R., Jr. 
Lukefahr, Maurice 


McAlexander, D. J. 
McBride, R. M. 
McCalley, Russell W. 
McCulloch, George 
McGregor, Ted 
McGregor, W. S. 
McKinney, Douglas R. 
McKinney, Helen 
Magner, J. M. 
Maloney, Bill 
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Martin, Dial F. 
Martin, Leo A. 
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Melass, V. H. 
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Port, R. A. 
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Ritchie, Thomas M. 
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Roesner, George 


Schroeder, Erwin F. 
Scholtz, Lenwood L. 
Schwinn, David S. 
Seale, Virgil L. 
Sharpless, Frank T. 
Simonds, James M. 
Sloan, M. J. 
Standish, W. L. 
Starkey, Scott 
Stephenson, B. C. 
Smith, Charles S. 
Smith, C. E. 

Spicer, Wm. J. 
Stroope, Don E. 
Strother, Archie 
Svadek, A. A. 
Swan, Ogden 
Swink, Hugh 


Teer, Howard 

Tennent, T. H. 

Thomas, L. P. 

Thompson, George A., 
Jr. 

Thompson, James M. 

Tillman, C. L. 

Toler, I. L., Jr. 

Trigg, Robert L. 


Utter, L. Gordon 
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Waters, H. A. 
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Wyatt, Charles E. 
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PROCEEDINGS OF THE TWENTY-SIXTH ANNUAL MEETING 
Tue Corton STATES BRANCH, 
AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 


Federal Building, Atlanta, Georgia 
February 4, 5, and 6, 1952 


The twenty-sixth annual meeting of the Cotton 
States Branch, AAEE, was held in the Federal 
Building, Atlanta, Georgia, on February 4, 5, and 6, 
1952. The meeting was held concurrently with the 
forty-ninth Annual meeting of the Association of 
Southern Agricultural Workers. One-hundred forty- 
four members registered for the meeting. 

Chairman C. H. Alden opened the meeting 
promptly at 9:30 on the first morning. Mr. Alden 
was introduced by K. L. Cockerham. 

Dr. E. F. Knipling, representing the Parent Asso- 
ciation, was introduced by Mr. Alden. He reviewed 
the actions taken at the Cincinnati meeting. In his 
talk Dr. Knipling suggested that an effort be made 
to make the Branch meetings more interesting by 
widening the scope of subjects. He suggested a 
change in the name of Branch from “Cotton States.” 

The following presided over the meetings: Chair- 
man C. H. Alden, Dr. M. D. Farrar, Mr. O. I. 
Snapp, Dr. F. S. Arant, and Mr. K. L. Cockerham. 

Each one did an excellent job of starting the pro- 
gram on time, and keeping programs going smoothly. 
No one person presided over a session for a period of 
more than 2 hours at a time. Thirty-one scheduled 
papers were presented on the two and a half day 
program. 

Mr. O. I. Snapp served as master of ceremonies at 
the Annual Entomologists Banquet which was held 
on Tuesday night, February 5 at the Biltmore Hotel. 
Members of industry contributed to the success of 
the banquet. 

The following business was transacted at the busi- 


ness session: 


REPORT OF THE SECRETARY- 
TREASURER 

A report of the secretary-treasurer was given 
showing an expenditure of $41.33 and a cash balance 
of $667.81 was given. Motion made by O. I. Snapp 
and recorded by W. G. Bruce to accept the report of 
secretary-treasurer, subject to auditing committee 
report. Motion carried. 


REPORT OF THE EXECUTIVE 
COMMITTEE 


Chairman Alden reported that the executive com- 
mittee had agreed to abide by Memphis decision to 


keep the name of Cotton States Branch. Also to 
abide by agreement reached at Memphis meeting 
with regard to meeting with Southern Agricultural 
Workers. (This was to leave meeting place with exec- 
utive committee.) 

Carried over business—J. W. Wilson made mo- 
tion, and seconded by Dr. Dale Newsom to resubmit 
to executive committee the matter of changing the 
name of the branch. Motion carried. 

O. I. Snapp made a motion seconded by J. W. Wil- 
son to leave to the executive committee the matter 
of place of meeting for 1953. Motion carried. 

The following reports were submitted and ap- 
proved. 


REPORT OF THE NOMINATING 
CoMMITTEE 
Your committee proposed the following names as 
officers of the Cotton States Branch, AAEE, for the 
coming year, 1952. 
Chairman, K. L. CocKERHAM 
Vice-Chairman, A. L. HAMNER 
Secretary-Treasurer, L. C. MURPHREE 
Respectfully submitted, 
O. I. Snapp 
W. G. Bruce 
M. D. Farrar, Chairman 


REPORT OF AUDITING COMMITTEE 

We, the Auditing Committee have examined the 
books and accounts submitted by the Secretary- 
Treasurer, L. C. Murphree, State College, Missis- 
sippi, for the year 1951. 

The following balance is now on hand: 
Checking account.... 
Savings account 


ToTaL... 


The accounts were balanced with receipts and 
vouchers attached. 
Respectfully submitted, 
S. Marcovitrcu, Chairman 
. L. CALHOUN 
H. D. Purswetui 


ND 


FINANCIAL STATEMENT OF Cotton States Brancu or AAEE Fepruary 1, 1952 


Receipts 
Cash 
Checking account, March 20, 1951. 


(check from K. P. Ewing on Citizens National Bank, Waco, Texas) 


Savings account, Atlanta National Bank, Atlanta, Georgia...................... 120.44 
TorTaL $709.14 
730 
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Disbursement 
July 9, Check No. 1—50 stamped envelopes used for writing letters regarding 1952 
CGR Ge. cS as, a ar a age CE oo ecient Cae e eS D % 1.82 
August 14, Check No. 2—360 stamped envelopes for mailing out circular letters to 
members in regard to 1952 convention................... 0c ccecee ec eee re eeee 13.08 
September 13, Check No. 3—700 stamped envelopes for Dr. Farrar for circularizing 
membership in regard to 1952 convention.................. ccc ec ee ee ee eens 25.43 
September 17, postage on package of addressed envelopes to Dr. Farrar for circulariz- 
ing membership in regard to 1952 convention....................00000 00 ee ues 1.00 
Totat DisBURSEMENTS $ 41.33 
Balance on franer wemenery 2, 1050), «20 no ciniacd sce aM we hee ee a ew $667 .81 
Distributed as follows: 
Checking account, Security State Bank, Starksville, Mississippi.................. $537 .37 
Savings account, Atlanta National Bank, Atlanta, Georgia...................... 130.44 
$667 .81 


Tora. ey 


REPORT OF RESOLUTION COMMITTEE 


Wuereas, the Cotton States Branch of AAEE has 
just completed its twenty-sixth annual meetimg, and 

WHEREAS, several persons and organizations have 
contributed much to the success of this fine meeting, 

THEREFORE, be it resolved that the Cotton States 
Branch here convened in the Government Building, 
Atlanta, Georgia, on February 6, 1952, express 
thanks and appreciation to all those who have con- 
tributed to the success of the meetings and especially 
to the following: 

To Dr. M. D. Farrar and other members of the 
Program Committee who assumed extra obligations 
as a result of the illness of the secretary, 

To Mr. W. E. Buastncame and other members 
of the committee on arrangements for their fine 
W ork, 


To Mr. Cecit Capp of the U. S. Forestry Service 


Respectfully submitted, 


L. C. MurPHREE 


for making available the room for meeting, 

To Mr. Steven H. Bepwe.it, Commodity Office 
of the P.M.A. for making available comfortable 
chairs, 

To Dr. H. D. Prarrt and others of the U.S.P.H.S. 
for providing projection equipment, arranging a tour 
of U.S.P.H.S. laboratories, and other cooperation, 

To Mr. Frank Dantet of the Aélanta Journal for 
his news coverage of the meetings, 

To Miss ELLEN Puiturps of Georgia Department 
of Entomology for registration of members and 
other fine work, 

To representatives of industries for their gracious 
contribution to the entertainment fund, 

Be It Furtuer Resotvep that each of these 
listed above be sent a copy of this resolution. 

F. S. Arant, Chairman 
J.G. Warts 
K. L. CocKERHAM 


MeEMBERS AND GUESTS REGISTERED AT THE TWENTY-SIXTH ANNUAL MEETING 
Corron STaTEs BRANCH, AMERICAN ASSOCIATION OF Economic ENTO- 
MOLOGISTS, ATLANTA, GA. Fesruary 4, 5, & 6, 1952 
> 





Adair, H. S. 
Alden, C. H. 
Alden, John C. 
Allen, Norman 


Allison, F. E. 
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Purswell, H. D. 
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Reed, J. K. 
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Neely, J. F. 
Nettles, W. C. 
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Newson, L. D. 
Schoof, H. F. 
Secrest, H. C. 
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Sharpless, F. T. 
Smipling, E. F. 
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Paul, J. J. 
Popham, W. P. 
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Snapp, Oliver I. Upholt, William 
Snipes, B. Thomas 
Sparks, L. M. 
Spears, R. K., Jr. 
Stanley, W. W. 
Stayner, L. F. 
Steinhauer, C. J. 
Stetile, Jno. J. 
Stripling, Ear] L. 


Wagner, W. E. 
Walker, R. L. 
Watts, J. G. 

Weil, A. E. 

White, J. F. 
Williams, Francis J. 
Williams, Jerry A. 
Williams, Ralph E. 
Wilson, C. A. 
Wilson, John W. 
Woodburry, E. N. 


Yates, Richard T. 
Youngblood, Neil W. 


Tissot, A. N. 
Todd, J. N. 
True, H. H. 
Turner, Henry 


Turnipseed, G. F. 


PROCEEDINGS OF THE TWENTY-SEVENTH 
ANNUAL MEETING 
THE Cotton STATES BRANCH, 
ENTOMOLOGICAL SOCIETY OF AMERICA 
Jung Hotel—New Orleans, La. 


February 9, 


The twenty-seventh annual meeting of the Cot- 
ton States Branch ESA was held in the Jung Hotel, 
New Orleans, Louisiana, on February 9, 10, and 11, 
1953. The meeting was held concurrently with the 
fiftieth anniversary of the Association of Southern 
Agricultural Workers. 

One hundred and sixty-four members registered 
for the 3 day meeting. 

Chairman K, L. Cockerham opened the meeting 
promptly at 9:15 a.m. The minutes of the last meet- 
ing and the report of the secretary-treasurer were 
approved as read. 

Vice-Chairman A. L. Hamner assumed the chair 
and presented Chairman Cockerham for the annual 
address of the Chairman. The title of the address was 
“A Plea for a Return to Fundamental Research in 
Entomology.” 

Dr. Charles E. Palm, President of ESA, repre- 
sented the parent association at the meeting. In his 
address he congratulated the Cotton States Branch 
for the honor of holding the first branch meeting of 
the new Entomological Society of America. Dr. Palm 
discussed “The Broad Challenge that Entomology 
Offers Today.” 

Chairman Cockerham appointed the following 
committees: 


Nomination—C. F. Smitu, J. W. Wutson, and 
CuarLes LiIncoutn, Chairman 

Auditing—Ross E. Hutcuins, W. J. Even, and 
R. J. Kowa, Chairman 


10, 11, 1953 


Resolutions—W. W. Stanuey, A. N. Tissort, and 
C. M. Becxam, Chairman 


Fifty-three papers were presented during the 3- 
day meeting covering a wide variety of work being 
carried on within the area covered by the Cotton 
States Branch ESA. 

The following presided over the paper reading 
sessions: 

Chairman K. L. Cockreruam, A. L. Hamner, R. C. 
Gatnes, Cuay Lyue, C. E. Smite, C. H. Aupen, 
E. W. Dunnam and J. W. INGRAM. 

The program committee was composed of F. S. 
Arant, C. H. Brapey, and L. D. Newsom. 

The local arrangements committee was composed 
of L. J. Becnez, A. L. Duaas and Epwrn Lorr. 

In the business session, the following business 
was approved: 


REPORT OF THE SECRETARY- 
TREASURER 


The Secretary’s report showed a membership of 
447 members of the AMERICAN AssocrATION of Eco- 
Nomic ENtToMOLoGIsts and 43 members of the 
ENTOMOLOGICAL SOCIETY OF AMERICA residing in 
the area covered by the Corron States Brancu. 
Notice of the twenty-seventh annual meeting was 
sent to 490 members of the ENtomoLogicaL Soci- 
ETY OF AMERICA residing within the Cotton States 
Branch territory. 


FINANCIAL STATEMENT OF Corton States Brancu ESA, Fresruary 5, 1953, 


Balance on hand February 1, 1952................. 


Receipts: 
Interest—Savings account, Atlanta National Bank, Atlanta, Georgia, February 3, 
ae vaste asdd , 
Registration Fees—144 members. ... . a 
Contributions—Balance from Banquet. ... 





PO eae a ore $667 .81 


Pere: Vie eee 2.61 


$144.00 
17.35 $161.35 


$831.67 
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Disbursement: 
Feb. 4, 1952—C. H. Alden (expenses for 1952 membership meeting)................ $ 60.00 
Feb. 7, 1952—Chambers Printing Co. 1952 program printing.................... 68.71 
Postage—Membership correspondence (two circular letters)..................... 37.50 
A. L. Hamner, Partial expenses to 1952 meeting—acting secretary............... 22.81 
Jan. 24, 1953—Baton Rouge Printing Co.—1953 program printing............... 94.86 
Jan. 25, 1953—Delta Press—Printing registration cards......................... 4.33 
BCE Sele nal gin enleatet antatadiin, cients Sitar Pah re enim as be $288.21 


Balance on hand February 5, 1953. 
Distributed as follows: 


$543 .46 


Checking account, Security State Bank, Starkville, Mississippi................... $410.41 
Savings account, Atlanta National Bank, Atlanta, Ga. (letter attached).......... 133.05 
OE Te Be oe as TE be as <n Pee Ate ee Ute. Seen $543 .46 


Report oF EXEcuTIVE COMMITTEE 


Chairman Cockerham reported that the executive 
committee met on February 9, 1953 with 9 members 
present. They made the following recommendations: 

That a resolution be passed to meet with the 
ASSOCIATION OF SOUTHERN AGRICULTURAL WorkK- 
ers and register with them, but reserve the right to 
meet separately when they meet out of our territory, 
or when we wish to meet with the ENTOMOLOGICAL 
Society or AMERICA, if it meets within our terri- 
tory. 

Recommended to withhold any action on change 
of name of Corron States BRANCH until a commit- 
tee of parent association made a study on redistrict- 
ing and renaming branch section. 

Both recommendations were approved. 


Report oF AUDITING COMMITTEE 


We, the auditing committee, have examined the 
books and accounts submitted by the Secretary- 
Treasurer, L.C. Murpures, State College, Mississippi, 
for the year 1952. The following is now on hand: 


Checking account..... ceescsecss Qel@4l 
Savings account. 72 at dks d « 133.05 
ToTaL... $543 .46 


The accounts are balanced with receipts and 
vouchers attached. 
Respectfully submitted, 
R. E. Hutcuins 
R. J. Kowa 
W. J. EpEn 


Report oF RESOLUTIONS COMMITTEE 


WHEREAS, several persons and organizations have 
contributed much to the success of this fine meeting. 

THEREFORE, be it resolved that the Corron 
States Brancu here convened in the Jung Hotel, 
New Orleans, Louisiana, on February 11, 1953 
express thanks and appreciation to all those who 
have contributed to the success of the meeting and 
especially to the following: 

To Mr. Kirby L. Cockerham for his interest and 
untiring efforts in serving as Chairman, Corton 
States Brancu, during the past year, 

To Dr. L. D. Newsom and other members of the 
Program Committee for arranging a splendid pro- 
gram, 

To Mr. Edwin Lott and other members of the 


Respectfully submitted, 
L. C. Murpuren, Secretary-Treasurer 


committee on arrangements for their fine work, 

To the management, Jung Hotel, for making 
available the Cotillion Room for the meeting, 

To Mr. B. B. Jones, Secretary-Treasurer, Associ- 
ation of Southern Agricultural Workers, for coopera- 
tion in arranging the annual meeting, 

To the Coahoma Chemical Company, Clarksdale, 
Mississippi, who: (1) furnished stenographic help for 
the Secretary, mimeographing, paper, and tele- 
phone calls, (2) paid secretary’s expenses to meeting, 
(3) offered to send stenographer to meeting if 
needed, 

To representatives of industry for their gracious 
contribution to the entertainment fund. 

Wuereas, Mr. Oliver I. Snapp has prepared the 
record of Southern Entomology in “The South on the 
March,” a History of the Association of Southern 
Agricultural Workers commemorating the Golden 
Anniversary of this organization, which shows the 
progress that entomology has made in the South 
during the past 50 years, 

THEREFORE, be it resolved that the Corron 
States Brancu express thanks and appreciation 
for this excellent history. 

Wuereas, the Corron States Brancu of the 
Entomological Society of America has just com- 
pleted its twenty-seventh annual meeting, and 

Wuereas, the pink bollworm continues to spread 
and is an increasing threat to the cotton industry, 
be it resolved that the states of Arizona, New 
Mexico, Oklahoma, Louisiana and Texas be urged 
to continue a full scale cooperative program with 
the U. S. Bureau of Entomology and Plant Quaran- 
tine to control the pink bollworm and prevent its 
further spread through the exercise of every means 
available including mandatory cultural controls, 
appropriate treatment of lint cotton, cotton seed 
and other products capable of disseminating the 
pink bollworm, and sanitation at gins including 
burning, grinding or composting of gin trash and 
burrs. The pink bollworm cooperative work in 
Mexico should be continued by the U.S. Bureau 
of Entomology and Plant Quarantine in order to 
secure comparable regulatory and control program 
in Mexico which will benefit the American cotton 
producer. 

The action taken recently by non-infested states 
to implement the present control program by estab- 
lishing quarantine stations on the Texas line on 
roads entering Oklahoma, Arkansas, and Louisiana 
is vitally essential since inspection of vehicular 
traffic leaving Texas in the fall of 1952 resulted in 
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interception of numerous lots of infested cotton 
bolls and seed cotton. Since the funds now available 
to the U. S. Bureau of Entomology and Plant 
Quarantine are required for the essential regulatory, 
inspection and control program, already under way, 
any financial participation of the Bureau in through- 
vehicular inspection on the Texas line should be 
provided for by additional funds to be made avail- 
able for the purpose over and above current or 
anticipated funds available. 

Be it further resolved that the Bureau of Ento- 
mology and Plant Quarantine be urged to continue 
the Wild Cotton Eradication Program in southern 
Florida since experience indicates that if the pink 
bollworm builds up in the wild cotton it is capable 
of spreading into Georgia by natural means as 
happened in 1933 before the program had reduced 
pink bollworm population in the wild cotton in 
southern Florida. 

Be it further resolved that, the Bureau of Ento- 
mology and Plant Quarantine and the Experiment 
Stations of the pink bollworm infested states be 
commended for the action taken to expand pink 
bollworm research in an effort to secure new infor- 
mation to aid in the control of this insect. The ac- 
tion of the Oscar Johnston Foundation in allotting 
funds for pink bollworm is highly commended. It is 
urged that the non-infested states likewise give 
careful consideration to entering into active partici- 
pation in the research by providing additional 
personnel or funds. 

Be it further resolved that the Secretary be in- 
structed to furnish copies of this resolution to—the 
Secretary of the United States Department of 
Agriculture; Chief, Bureau of Entomology and Plant 
Quarantine; the Experiment Station Directors; 
Commissioners of Agriculture; Plant Quarantine 
Officials; Governors; Senators and Representatives 
of every cotton producing state from Virginia on the 
east to California on the west. 

Whereas insects and other agricultural pests are 
continually changing; be it resolved that because of 
the continued need for high production of food, feed 
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and fiber crops and protection of man and animals 
from insects and related pests, the cooperative 
program established to provide information - on 
pest conditions be continued, and expanded where 
warranted, to aid American farmers, agricultural 
workers and industry. 

Be it Furtuer Resoutvep that the Secretary 
be instructed to send copies of these resolutions to 
the persons and organizations concerned. 

C. M. Beckuam, Chairman 
W. W. STANLEY 
A. N. Tissor 


REporRT OF NOMINATING COMMITTEE 


The nominating committee wishes to make the 
following nomination for officers of the CorrTon 
States Brancu of the ENTOMOLOGICAL SOCIETY OF 
AMERICA: 


For Chairman—F. S. ARANT 

For Vice-Chairman—H. C. Youna 

For Representative on Governing Board of ESA 
M.D. Farrar 

For SEcRETARY-T'REASURER—L. C. MuURPHREE 


Submitted by Nominating Committee 
C. F. Smrtu 
Joun W. Witson 
CHARLES LINcoLN, Chairman 


A motion was made and seconded that a fund of 
$150.00 be set aside for travel expense of the Branch 
representatives on the Governing Board of ESA to 
official meetings. 

This was amended and approved to allow per 
diem expenses that are not otherwise covered for 
Branch Representative on Governing Board of ESA 
for official meetings. 

The meeting adjourned at 10:45 a.m. following 
the final business session. 

Respectfully submitted 
L. C. MurPHREE 
Secretary- Treasurer 


MeEMBERS AND GuEsts REGISTERED AT THE TWENTY-SEVENTH ANNUAL MEETING 
Corron States Brancu, ESA, New OrveEans, La., Fes. 9, 10, 11, 1953 


Brown, James L. 


Akin, Bill 


Dixon, R. E. Gaines, J. C. 





Alden, Chas. H. 
Alden, John C. 
Allen, Norman 
Anderson, M. L. 
Armstrong, G. B. 
Arthur, B. W. 
Avant, F. G. 


Bailey, Horace L. 
Baker, W. A. 
Barron, F. Ray 
Bartlett, F. J. 
Beckham, C. M. 
Becnel, I. J. 
Bennett, A. G. 
Bewick, L. F. 
Bick, Geo. H. 
Bondrean, H. B. 
Boren, R. B. 
Both, R. J. 
Brandon, Gordon H. 
Brazzel, J. R. 
Broadus, E. P. 


Bruce, W. G. 
Brunn, L. K. 
Burns, E. C. 
Bussart, J. Everett 
Byrd, Felton 


Calhoun, S. L. 
Chamberlin, F. L. 
Chandler, S. C. 
Charpentier, Leon J. 
Chase, R. R. 
Cockerham, K. L. 


Cochran, Raymond H. 


Conner, James T. 
Cottier, E. F. 
Cotton, R. T. 
Cowart, L. E. 
Coyne, J. F. 
Crigler, J. L. 
Curl, L. F. 


Day, Augustine 
Dilworth, Hal C. 


Dodge, H. H. 
Dorward, Kelvin 
Douglas, W. A. 
Downey, Norman R. 
Dugas, A. L. 
Dunnam, E. W. 
Dupree, Minter 


Eden, W. G. 
Eddy, C. O. 
Edwards, L. V. 
Elmer, Howard 


Ernest, H. A. 


Fallon, L. C. 
Fancher, C. C. 
Farrar, M. D. 
Fife, L. C. 
Fitzgerald, F. M. 
Fletcher, Fred 
Floyd, E. H. 
Fritz, Roy F. 


Gaines, R. C. 
Galloway, A. L. 
Green, H. B. 
Griffin, J. A. 


Hamner, A. L. 
Hatcher, R. F. 
Helm, R. W. 
Hensley, Wm. A. 
Hutchins, R. E. 
Hyche, L. L. 


Iglimsky, W., Jr. 
Ingram, J. W. 


Jarnagin, W. M. 
Johnson, H.S., Jr. 
Johnson, W. C. 
Jones, M. P. 
Jordan, C. R. 


Kamal, M. 
Keller, John C. 
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Kelsheimer, E. G. 


Kirkland, Robert O. 


Kowal, R. J. 


LaHue, Delmon W. 
Lanier, James A. 
Latta, Randall 

Lee, R. E. 


Linealn, Charles 


Lloyd, Ralph R., Jr. 


Lott, Edwin R. 
Lyle, Clay 


McCrory, S. G. 
MclIntiry, W. H. 
McPherson, T. O. 
Magner, J. M. 
Majeux, Herman S. 


Merk], M. E. 
Meek, Roy 
Miller, Edward R. 
Mitchell, Bruce 
Moore, L. H. 
Mullett, R. P. 
Murphree, L. C. 


Newsom, L. D. 
Norris, A. L. 


Oertel, E. 
Ohwein, H. P. 


Palm, C. E. 
Patton, Don 
Paulson, C. A. Paul 
Penn, Geo. H. 





Pierce, W. C. 


Marlan, W. L. 
Purswell, H. D. 


Mason, Curtis L. 
Mathes, Ralph 


Mauldin, C. B. Quisenberry, B. F. 


Smith, W. R. 
Snipes, B. Thomas 
Stanley, W. W. 
Stiles, C. F. 
Swink, Hugh 


Reed, L. R. 
Reno, P. L. 
Riley, A. V., Jr. 
Ritchie, T. M. 
Roberts, J. H. 
Robertson, R. L. 
Rogers, W. C. 
Rosewall, O. W. 
Roussel, John S. 


Thames, Walter H., Jr. 
Tissot, A. N. 


Whamond, H. O. 
White, J. F. 
White, R. W. 
Whitefield, D. A. 
Williams, Ralph E. 
Wilson, C. A. 
Wilson, John W. 
Woodbury, E. N. 
Wylie, W. D. 


Schoof, H. F. 
Secrest, H. C. 
Selby, J. W., Jr. 
Sharpless, F. T. 
Shields, Dalton 
Sloan, M. J. 
Smith, C. E. 
Smith, Clyde F. 
Smith, L. G. 
Smith, R. J., Jr. 


Smith, R. H. Young, Herman C. 


MINUTES OF THE SEVENTEENTH MEETING 


GEORGIA ENTOMOLOGICAL SOCIETY 
Dempsey Hotel, Macon, Georgia 
March 6-7, 1953 


The meeting was called to order by President 
W. F. Turner at 1:00 p.m. Mr. Tom Duck intro- 
duced Mayor Lewis B. Wilson of Macon, who wel- 
comed the Society to Macon. President Turner 
thanked Mayor Wilson for his cordial welcome. 

In his presidential address, Mr. Turner pointed 
out the many advantages of Statewide over national 
or regional meetings and expressed his confidence in 
the continued rapid growth of the society. He 
pointed out that one of our obvious weaknesses at 
present is our failure to interest more amateur ento- 
mologists. He suggested that future officers concern 
themselves with this problem. 

Mr. F. E. Allison, membership committee chair- 
man, introduced the 26 new members and Mr. G. G. 
Rohwer presented items of interest (personal and 
professional) concerning various Society members. 

Mr. G. G. Rohwer then introduced Dr. Randall 
Latta, In Charge, Division of Stored Product Insect 
Investigations, who brought greetings from the Bu- 
reau of Entomology and Plant Quarantine. He out- 
lined the reorganization of the Research Divisions of 
the Bureau and indicated the lines of work that will 
receive increased emphasis. 

The minutes of the last meeting were then read 
and approved. 

President Turner then called for the report of the 
Secretary-Treasurer which read as follows: 

As of March 5, 1953, the Georgia Entomological 
Society has an active membership of 117. Copies of 
the minutes of the Savannah meeting in 1952 were 
sent to 125 interested entomologists and a rather full 
statement of the proceedings was published in the 
JouRNAL oF Economic Entomo.oey. 150 prelimi- 
nary announcements and programs of the 1953 
meeting were sent out. 

QO. I. Snapp concluded for the Publications Com- 
mittee that the publication of either a periodical or of 
occasional papers on the insect fauna of Georgia 


seemed impractical at present and recommended 
that the question of a Society publication be tem- 
porarily tabled. He reported that he had contributed 
a write-up on the Georgia Entomological Society to 
The South on the March, a publication sponsored by 
the Association of Southern Agricultural Workers. 
The new Constitution and By-Laws were adopted 
by a unanimous vote. Mr. Snapp rose to compliment 
the Committee on Revision of the Constitution, con- 
sisting of G. G. Rohwer, C. M. Beckham, and H. O. 
Lund. 
It was moved and adopted that the incoming pres- 
ident appoint a committee to study the possibility of 
the Society’s sponsoring a scholarship for the study 
of entomology and to present at the next meeting a 
plan for administering such a scholarship, if the com- 
mittee was disposed favorably toward such a move. 
On motion, approved, the secretary was instructed 
to poll the members in regard to the preferred time 
of week for holding the meetings and also on the 
length of the program. 
On motion approved, the incoming officers were 
instructed to continue to solicit membership and par- 
ticipation in the program from industry. On call 
from President Turner, 17 members of industry rose 
and were introduced. 
On motion, Prof. G. L. Carver, Mercer Univer- 
sity, was invited to speak to the group at the end of 
the paper-reading session. 
H. O. Lund invited the Society to hold its next 
meeting at the University of Georgia in Athens. The 
invitation was accepted by unanimous vote. 
The following committees were appointed: 
Resolutions: F. E. Auutson, H. N. Powuarp, 
G. W. R. Davipson 

Auditing: Tom Duck, Joun Burnett, Haroip 
Hayes 

Nominating: G. G. Rouwer, C. H. ALDEN, Joun 
ALDEN 
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The paper-reading sessions followed: 

1. F. S. Chamberlin, B.E.P.Q., Quincy, Fla., de- 
scribed ‘““The Codperative Economic Insect Report,” 
objectives of which are the stimulation, collection, 
and distribution of information needed in the control 
of insect pests. The data taken in each State are sent 
to the respective state clearing house, following 
which it is forwarded to the Washington office to be 
included in the weekly National Report. All ento- 
mologists were urged to give this effort their full 
support. 

2. C. R. Jordan, University of Ga., Athens, spoke 
on the “Insect Pest Reporting Service in Georgia.” 
He recalled several instances in which an early 
knowledge of pests gained from the Reporting Serv- 
ice enabled him to get control information into the 
hands of County Agents before they received their 
first complaints. 

3. O. I. Snapp, B.E.P.Q., Fort Valley, discussed 
his “‘Peach Insect Control Experiments in 1952” in 
which he found that aldrin worked into the soil at 
rates as low as 2 pounds per acre was highly effective 
against the plum curculio during its immature stages 
and dieldrin was fairly effective. Parathion and EPN 
were more effective in preventing oriental fruit moth 
injury and aldrin and dieldrin were less effective 
against that insect than other materials. Methoxy- 
chlor and lead arsenate were intermediate in effec- 
tiveness against the oriental fruit moth. Dilute liquid 
spray! applied with a mist blower for plum curculio 
and oriental fruit moth control. Parathion was more 
effective than DDT or benzene hexachloride for pre- 
venting infestation of peach trees with the lesser 
peach tree borer. Ethylene dichloride emulsion was 
highly effective as a fumigant treatment for peach 
tree borer control without injuring the trees. Tri- 
chlorobenzene emulsion and _ paradichlorobenzene 
crystals also gave excellent results for peach tree 
borer control. Benzene hexachloride and parathion 
as trunk sprays gave good results in preventing in- 
festation by the peach tree borer. 

4. Mintor Dupree and C. M. Beckham, Ga. Expt. 
Sta., Experiment, Ga., summarized “A Two-Year 
Study of Insecticides for Control of the Pecan Wee- 
vil,” as follows: The weight of sound nuts produced 
per tree showed the insecticides ranked in the follow- 
ing order of effectiveness: DDT and parathion com- 
bined, dieldrin, DDT alone, and toxaphene. Jarring 
records of the number of weevils present in the trees 
following spray applications show DDT, dieldrin, 
and DDT-parathion combined about equal in effec- 
tiveness. Considerably more live weevils were jarred 
from the toxaphene treated trees. Although the num- 
bers of spider mites were not unusually high, para- 
thion added to DDT spray considerably reduced the 
population of this pest. The peak of weevil emer- 
gence occurred during the last week of August and 
the first week of September, which indicated that 
spraying need not begin prior to this time in the 
Piedmont section of Georgia. 

5. Max R. Osburn, B.E.P.Q., Albany, found in 
his ‘Experiments for Control of the Hickory Shuck- 
wotm” that early and midseason sprays of EPN (2 
Ibs. of wettable powder to 100 gallons of water) ap- 
plied before the shell hardening period, reduced the 
dropping of immature nuts but had no effect on the 
percentage of nuts infested with shuckworm. Three 
late applications controlled the shuckworm in pecan 
shucks better than three early applications and just 
as well as three early and three late or even as nine 
applications. The quality of nuts also was superior in 


1 Was more effective than concentrated spray, 
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all those plots receiving the late treatments. Late ap- 
plications also controlled the black pecan aphid and 
the mite, Tetranychus hicoriae (McGregor). 

6. H. N. Pollard, B.E.P.Q., Fort Valley, reported 
the “Apparent Establishment of a Southwestern 
Leafhopper in Middle Georgia.” Homalodisca inso- 
lita (Walker) was observed in 1950, 1951, and early 
1952 in a restricted area. By later 1952, however, the 
infestation had expanded considerably. Although 
tests indicate its ability to transmit phony disease of 
peaches, preliminary life-history studies indicate 
that it is graminicolous and therefore not likely to 
develop into a significant vector in nature. 

7. J. H. Girardeau, Jr., Coastal Plain Exp. Sta., 
Tifton, spoke on “The Present Status of Planned 
Pollination in Georgia.” He pointed out that despite 
difficulties encountered at harvest, and despite the 
lack of suitable rental agreements planned pollina- 
tion is growing in Georgia. In one clover field of 90 
acres, the increase of seed harvested under adverse 
conditions produced at least $2,000.00 worth of ad- 
ditional seed due to the presence of honeybee colo- 
nies. The honey value was about $200.00 

8. G. L. Carver, Mercer University, Macon, then 
spoke briefly on the subject of Conservation. 

9. The afternoon session closed with the showing 
of the Hercules Powder Co. film, “Pollination of Al- 
falfa” by R. R. Chase, Hercules Powder Co., At- 
lanta. 

A Hospitality Hour from 7:00 to 8:00 p.m. in the 
Pinebrook Inn through the courtesy of the Insecti- 
cide Industry was followed by the annual banquet, 
which was attended by 116 persons. C. H. Alden, 
State Entomologist, Atlanta, served as toast master 
and entertainment was provided by the Triangle 
Chemical Company of Macon. 

The Saturday morning session resumed at 9:00 
A.M. with a panel discussion on “Quarantines and 
Plant Regulations” moderated by C. H. Alden, who 
discussed the general features of Georgia quarantines 
and the more specific problems with the pink boll- 
worm and the Japanese beetle. 

G. G. Rohwer stated that infestations of white 
fringed beetle occur in 53 counties, infestations hav- 
ing been eradicated in 27 localities. He described the 
general control program. J. E. Burnett, Eastman, 
stated that a surface application in dilute emulsion 
of five pounds of dieldrin per acre apparently cleared 
up an infestation averaging 50 grubs per square yard 
at Hawkinsville, Ga. O. W. Whitehead, Statesboro, 
described very promising tests with granulated DDT 
and dieldrin in Evans Co., Ga. 

F. R. Blackwell, B.E.P.Q., Tifton, reported a 94 
per cent reduction in properties infested by the 
sweet-potato weevil since 1945. Only 95 properties in 
ten counties remain infested of 1,163 in 31 counties 
found infested since 1945. 

T. D. Persons, Macon, stated that of two million 
peach trees inspected in 1952 for phony disease, 
91,000 or 4.8 per cent were infected. Plum (reservoir 
host for virus) surveys were made in 89 counties in 
16 states, with positive findings in 21 counties in 10 
states. 

10. The second paper-reading session began with 
a description of the “Role of Entomologists on In- 
ternational Health Programs” by H. D. Pratt, 
U.S.P.H.S., Chamblee. He pointed out that the 
work of the public health entomologist falls into four 
major categories: promotional, operational, training 
and research. Each of these types of work was dis- 
cussed and illustrated by kodachrome slides taken 
in the West Indies or Southeast Asia, 
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11. R. E. Fritz, U.S.P.H.S., Atlanta, and H. D. 
Pratt discussed the “‘Present Status of the More Im- 
portant Arthropod-borne Diseases in the U. S.” 
‘They listed 7,635 reported cases of malaria in 1952, 
743 cases of virus encephalitis, 186 cases of endemic 
typhus, 316 cases of spotted fever, 666 cases of tula- 
remia, and (in 1951) 7 cases of plague. 

12. H. R. Dodge and J. M. Seago, U.S.P.HLS., 
Chamblee, reported on the “Sarcophagidae and 
Other Diptera Taken by Trap and Net on Georgia 
Mountain Summits in 1952.” On eleven summits in 
North Georgia from May 2 to Nov. 17, 20,811 flies 
were taken in traps, 6,669 by net. Sixty-four species 
of Sarcophagidae were taken by net, only 41 from 
traps. Thirty-four species were taken only by net, 
probably 15 or more being new species. The total 
number of species taken is 75. 

Trapped specimens were mostly females of 
saprophytic Sarcophagidae, Muscidae, and Cal- 
liphoridae. Netted specimens were mostly males of 
species whose larvae are believed to be parasitic. 

13. R. A. Moncrief, Ass’t. State Chemist, At- 
lanta, spoke on “The Georgia Economic Poisons 
Law,” which he stated was one of the best “uniform 
acts” in the U. S. He pledged the co“peration of his 
office with the entomologists of the State. 

14. L. W. Morgan, Coastal Plain Exp. Sta., Tif- 
ton, described the “Control of Insects Attacking 
Peanuts.” He considers cutworms, thrips, fall army- 
worm, velvet-bean caterpillars, corn earworms, lesser 
cornstalk borer, and the rednecked peanut worm to 
be some of the worst pests. 

15. J. J. Paul, Univ. of Ga., Athens, discussed 
“Poisons for Pests of Ornamentals.” He listed the 
factors influencing the toxicity of a chemical to 
plants as well as to animals. Parathion appears to 
be safe for ornamentals generally. Except for a few 
individual plant species, most chlorinated hydrocar- 
bons are safe. Most miticides, however, tend to be 
phytotoxie but EPN, DMC, and Aramite are quite 
safe. 

16. F. A. Morton, Headquarters Third Army, 
Fort McPherson, in his discussion of the “‘Control 
of Insects and Fungi in Lumber and Wood Prod- 
ucts”’ stated that the cost of repairing damage in- 
flicted by termites and decay organisms has in- 
creased greatly in recent years due to the increased 
use of non-resistant sapwood lumber, and to the ris- 
ing costs of lumber and labor for replacement. 


The Third Army area includes seven southeastern 
states where the high annual temperatures and high 
rainfall rates are favorable to termite and decay or- 
ganisms. The known cost of termite and decay dam- 
age at Third Army Installations during Fiscal Year 
1951 and Fiscal Year 1952 amounted to approxi- 
mately $13,000,000. Steps taken during Fiscal Year 
1951 and Fiscal Year 1952 to reduce future main- 
tenance costs included the use of better construction 
methods, the use of 14,000,000 board feet of treated 
lumber, and extensive soil poisoning operations for 
termite control. On a 20-year basis, it is estimated 
that approximately $40.00 will be saved in future 
maintenance costs for each $1.00 spent for the pre- 
servative treatment of any lumber that will be ex- 
posed to termite and decay hazard. The additional 
cost for the 14,000,000 board feet of treated lumber 
used was approximately $560,000, and it is estimated 
that this will result in a long-term saving of approxi- 
mately $21,840,000. Extensive treatments were 
made to control powder post beetles in brooms, tool 
handles, hardwood cots, storage pallets, and similar 
items. 

17. T. M. Gunn, Orkin Exterminating Company, 
Atlanta, spoke on “Entomology and Commercial 
Pest Control.” He cited examples of whole new fields 
in which pest control operations were developing and 
urged the training of more personnel in sound basic 
entomology and toxicology to enable the industry to 
meet these needs in a creditably professional manner. 

18. W. H. Cross, University of Ga., Athens, dis- 
cussed ““The Use of Light Traps for Analyzing Insect 
Populations.”’ Bar graphs of samples collected in an 
open-funnel trap in Aiken County, S. C., between 
March 25 and November 14, 1952, showed that the 
different orders exhibited two or three more or less 
simultaneous peaks of abundance which corre- 
sponded in most cases to fluctuations in temperature 
and other weather conditions. 

At the close of the final Business Meeting the 
Nominating Committee recommended the following: 
for president, W. E. Blasingame; for vice-president, 
F. E. Allison. The secretary was instructed on mo- 
tion to cast a unanimous ballot for these nominees. 

A total of 78 members and guests registered at the 
meeting. 


Horace O. Lunp 
Secretary-Treasurer 





TWENTY-SEVENTH ANNUAL MEETING 


WESTERN COOPERATIVE SPRAY PROJECT 





Imperial Hotel, Portland, Oregon 
January 21, 22, 23, 1953 


The twenty-seventh annual meeting of the West- 
ern Cooperative Spray Project was held in the Green 
Room of the Imperial Hotel, Portland, Oregon on 
January 21, 22 and 23, 1953. The conference mem- 
bership is composed of State, Federal and Dominion 
entomologists, pathologists and chemists engaged in 
research or extension work on the control of fruit 
insects and diseases in California, Colorado, Utah, 
Idaho, Montana, Oregon, Washington, British Co- 
lumbia and Alberta. 

H.S. Te.rorp was chairman and L. G. GENTNER 
secretary of the conference. January 21 and 22 were 
closed sessions and January 23 was open to members 
of industry. Discussion leaders were as follows: 
V. W. Olney for insects attacking apples and pears; 
Ted Anthon, pests of stone fruits; J. R. Kienholz, 


fruit diseases; D. B. Waddell, spray dispersal equip- 
ment and L. C. Terriere, spray residues. 

W. T. Sumerford of the Wenatchee Laboratory of 
the Public Health Service gave an illustrated talk on 
economic poisons and the work of the laboratory in 
safeguarding human health. 

The discussion leaders presented summaries of the 
1952 research work to members of industry at a 
luncheon session held in the Green Room of the Im- 
perial Hotel on January 23. 

Members elected to office for the coming year 
were: H. S. Tetrorp, Chairman; M. R. Harris, Co- 
Chairman; V. W. Ouney, Secretary; and J. R. Kren- 
HOLZ, Co-Secretary. 

The 1954 meeting will be held on January 20, 21 
and 22 at the Imperial Hotel, Portland, Oregon. 


CENTRAL INTERNATIONAL Forest INSECT AND DISEASE CONFERENCE 


On January 6 and 7, 1953, forest entomologists 
and forest pathologists of Minnesota, Michigan, 
Wisconsin, Ontario, Manitoba and Saskatchewan 
met at the University of Minnesota, St. Paul, Min- 
nesota to participate in a pioneer meeting of the 
Central International Forest Insect and Disease 
Conference. The morning of January 6 was devoted 
to organizational matters, and the remainder of the 
meeting period was spent in outlining problems and 
work in progress at the forest insect and disease re- 
search centers throughout the area from which rep- 
resentation was obtained. 

Participating in the initial meeting were Dr. J. A. 
Beal, Chief, Division of Forest Insect Investigations, 
USDA; Dr. J. R. Hansbrough, Senior Pathologist in 
Charge, Division of Forest Pathology, USDA (New 
Haven Laboratory); Dr. M. L. Prebble, Chief, Di- 
vision of Forest Biology, Department of Agriculture, 
Ottawa; and Dr. J. E. Bier, Associate Chief, Divi- 
sion of Forest Biology. The following laboratories, 
Universities and State agencies concerned with for- 
est insect and disease problems were represented. 


Departments of Conservation (Michigan, Wiscon- 
sin, Minnesota) 





Universities (Minnesota, Michigan, Michigan 
State College, Wisconsin, Toronto) 

Offices of State Entomologist (Minnesota, Wiscon- 
sin) 

Canadian Department of Agriculture, Laboratories 
of Forest Biology (Saskatoon, Indianhead, Win- 
nipeg, Sault Ste. Marie, Toronto) 

U. S. Department of Agriculture (Forest Insect 
Laboratory Region 9, Division of Forest Pathol- 


ogy) 


It was unanimously agreed that future meetings 
should continue to stress informal discussions of 
common problems and research approaches of the 
various workers who are trying to cope with them. 

Dr. Blair M. McGugan, Division of Forest Biol- 
ogy, Science Service, Canadian Department of Agri- 
culture, Forest Insect Laboratory, Sault Ste. Marie, 
Ontario, Canada was chosen chairman of the group 
for the ensuing year. It was agreed that the next an- 
nual meeting will be held at the Laboratory of Forest 
Biology, Sault Ste. Marie, Ontario in October, 1953. 

James W. ButcuEer 
Chairman, Central International Forest Insect 
and Disease Conference 


















The Interdepartmental Committee on Pest Con- 
trol held its seventeenth regular meeting on March 
27, 1953 at Washington, D. C. and agreed upon the 
following release: 

1. A STATEMENT ON THE Heattu Hazarps or INn- 


=P secticipe Vaporizers Usep as FumiGATors FoR 
THE CONTROL OF INSECTS 

ry of “Because of the health hazard inherent in the 

Ik on misuse of insecticide vaporizers as so-called fumi- 

7.7 gators, the Interdepartmental Committee on Pest 


Control recommends against their use in living 





f the quarters.” 

at a 2. CouMAcHLOR—A coined name for the rodenti- 

 Im- cidal chemical 3-(alpha-acetony]l-4-chlorobenzy1)-4- 
hydroxycoumarin 

vot “Coumachlor” is a coined name selectea for the 

? Co- rodenticide 3-(alpba-acetonyl-4-chlorobenzy])-4-hy- 

a droxycoumarin and approved by the Interdepart- 

| mental Committee on Pest Control. The Interde- 

D, 21 partmental Committee secured the following infor- 
mation from tbe sponsor of this coined name and 
takes no responsibility for the contents thereof. 

Rodenticides containing this compound have pre- 

viously been referred to as Tomorin and as Geigy 
Rodenticide Exp. 332. 

. Approval of the name “‘coumachlor” by the Inter- 

“en departmental Committee on Pest Control implies 
that the name is available for free use in designating 

waael the pure chemical 3-(alpha-acetonyl-4-chlorobenzy])- 

, +-hydroxycoumarin. 

gg The name “coumachlor”’ applies to the pure chem- 

Win- ical. A purified product, which contains a minimum 
of 98% of the pure compound, is used in the formu- 

sect lation of bait concentrates. 

thol- 
Physical and Chemical Properties 

ings Empirical Formula: C;g3H,;0,Cl 

s of Structural Formula: 

the Cl 

n. 

Biol- ‘2 

\ gri- | 
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Data on the pure substance and the purified product 
are tabulated as follows: 


Pure Purified 
Color White White 
Form Crystalline Crystalline 
Odor None None 
Melting Point 169-171°C. 163-168°C. 


(Kofler-Bank) 


Solubility 

Coumachlor is practically insoluble in water, 
slightly soluble in benzene and ether, soluble in 
methanol, ethanol and isopropanol, and very soluble 
in acetone and chloroform. 

Coumachlor is a relatively stable compound. 
When combined with material such as cereal in fin- 





INTERDEPARTMENTAL COMMITTEE ON Pest CONTROL 





ished baits, it retains its toxicity to rodents over a 
relatively long period of time. 


Physiological Properties 


Coumachlor has anticoagulant properties similar 
to dicumarol. Extensive experiments indicate that 
when combined in concentrations of 0.025% with 
suitable bait materials it is effective in controlling 
commensal rats and mice. When such baits are in- 
gested in daily repeated dosages, their anticoagulant 
action begins to cause death in 3 to 6 days. Accord- 
ing to the 1952 Annual Report of the Rodent Control 
Committee, National Pest Control Association, 
Inc., an average of 9 mean days was required to com- 
pletely clean out infestations of both Norway and 
roof rats while an average of 14 mean days was re- 
quired to eliminate infestations of house mice with 
coumachlor baits. Mr. D. Glen Crabtree, of the U.S. 
Fish and Wildlife Service, concluded that at concen- 
trations of 0.025% coumachlor in cereal baits “. . . 
will control commensal rats and mice when employed 
under conditions conducive to normal bait accept- 
ance and when adequate amounts of bait are ex- 
posed.” 

Unlike some rodenticides used previously in baits, 
rats and mice do not develop bait shyness to cou- 
machlor. In fact, affected rats and mice frequently 
continue to feed until they are no longer able to walk 
to the bait stations. 

In an unpublished report, the Hazleton Labora- 
tories show that fowl are less susceptible than mam- 
mals although all species of small animals tested 
were susceptible to the toxic effects of coumachlor 
= fed sufficient dosages over a period of several 
days. 

Massive quantities of prepared bait must be con- 
sumed to induce acute symptoms from a single dose 
and the hazard from acute poisoning is correspond- 
ingly slight. 

The hazards to human health involved in the use 
of coumachlor are much less than with some of the 
rodenticides previously employed. Since repeated 
ingestions are usually required to cause death in ani- 
mals, the likelihood of such ingestions accidentally 
is remote. However, if hemorrhages result from ac- 
cidental ingestion by humans, blood transfusions 
combined with intravenous and oral doses of Vita- 
min K are indicated. 


Analytical Methods 


A spectrophotometric metbod of analysis is avail- 
able for coumachlor. This may be obtained from the 
Geigy Company, Inc. 


S. W. Stumons, Chairman 
Technology Branch, 
Communicable Disease Center, 
U. S. Public Health Service, 
50 Seventh Street, N.E., 
Atlanta 5, Georgia 

M. Apert, Secretary 
Chemistry Branch, 

Bureau of Ships, 
Department of the Navy, 
Washington 25, D. C. 





BOOK REVIEWS 


Human Factors 1n Air TRANSPORTATION: Occu- 
PATIONAL HEALTH AND Sarety, by Ross A. Mc- 
Farland, Ph.D. Ist Edition, 1953. McGraw-Hill 
Book ©o., Inc. New York, Toronto, and London, 
pp. i-xv, 1-830, illus., refs. Large octavo, $13.00. 


Entomologists concerned with the problems which 
arise as a result of the development of air transporta- 
tion will find valuable information and useful critical 
discussion in this book. Of particular interest in this 
regard is Part VI, which devotes eighty pages to a 
consideration of sanitation and health in airline op- 
erations. 

In a chapter on the sanitary control of airports 
and ground facilities, attention is given to ento- 
mological and other aspects of such problems as: fac- 
tors governing the selection of airport sites; sewage 
and waste disposal, including basic principles in con- 
trol measures directed against vectors, pests and ro- 
dents; health problems in a tropical air route, with 
especial reference to malaria, its sanitary control, 
and the evaluation of malaria-prevention programs; 
evaluation of health and sanitation on international 
air routes, including the importance of reliable up- 
to-the-minute information on local prevalence of dis- 
ease and disease-vectors; and the administrative 
control of sanitary programs. 

The chapter which deals with health and quaran- 
tine regulations in air travel, and their influence 
upon the free flow of traffic, brings out such impor- 
tant facts as (1) the speed with which diseased per- 
sons, infested cargoes, or dangerous vectors or pests 
can be transported, as well as (2) the need for revis- 
ing many existing quarantine and customs proce- 
dures which were primarily developed for the control 
of the much slower maritime and other surface traf- 
fic. The factors of speed and range, peculiar to mod- 
ern aircraft, have introduced problems which must 
be considered in the development of new regulations 
and procedures. 

Detailed attention is given to such matters as: the 
development of sanitary codes and conventions for 
aerial navigation; transportation of disease by 
human beings during the incubation period; trans- 
portation of arthropod vectors; and transportation 
of disease by small animal hosts. The use of insecti- 
cides on airplanes is discussed with respect to choice 
of insecticide, time of application and methods of 
spraying, the advantages and disadvantages of per- 
manently installed automatic spraying systems, and 
the reactions of passengers to sprays. 

In discussing the dissemination of insects and 
pests of agricultural importance, the author points 
out that their transportation by air craft is almost as 
great a problem within such countries as the United 
States as it is between countries. Several important 
ways in which plant pests may be transported on air- 
craft are illustrated by concrete examples. The prob- 
lem of inspection of cargo and baggage at ports of 
entry is treated, and the author brings out reasons 
why the control of agricultural pests is often more 
difficult than that of fectors of human disease. The 
aerial dispensing of insecticices at airports and in 
their vicinity is discussed as one of the methods de- 
signed to prevent the transportation of insects from 
one place to another. Finally, the functions of the 
traffic, medical, and operating departments are dis- 
cussed with regard to their part in the implementa- 
tion of specific control procedures. 


Each chapter is closed with a summary and a care- 
fully selected bibliography. 

‘Lhe book as a whole is a definitive work, the result 
of painstaking research and creative thought. The 
specialist will be pleased to find that it is not an un- 
critical compilation, but rather that mature judg- 
ment has resulted in a wise selection of subject mat 
ter, supported by sound factual information. Prope: 
emphasis is wisely placed. There is unusually good 
coordination of a wide variety of topics to make a 
coherent and well-related whole. McK arland’s schol- 
arly book will appeal to the student of human ecol- 
ogy, and by reason of its down-to-earth treatment 
(despite the subject!), it will be suited to the needs 
of those eminently practical people, the entomologist 
and the public health worker. 

Henry S. Fuuurr, M.D. 


A Manuat or Entomo.oaicaL TEcuNiQuEs, by Al- 
vah Peterson, Ohio State University, Columbus 10, 
Ohio. 7th Edition, 367 pp. Lithoprinted by kd- 
wards Brothers, Inc., Ann Arbor, Michigan, April, 
1953. Order from the author. $7.50. 

This publication is an extensive revision of the 
sixth edition of ‘‘A Manual of Entomological Equip- 
ment and Methods,” parts 1 and 2. It includes ali of 
the figures and most of the tables found in the sixth 
edition. 

New Mareriau.—Figures and Tables. There are 
22 new plates of figures making a total of 182 plates. 
They contain chietly figures and photographs of new 
biological techniques; namely cages, containers, and 
equipment for rearing, devices for collecting and 
trapping, gadgets for museum work and miscellane- 
ous materials. New tables of information, chiefly on 
humidity, are included. 

Discussions. The following topics are discussed, 
some in considerable detail: measuring ecological 
factors (temperature, humidity, air velocity, evapo- 
ration and light); cage microclimates; materials for 
cages; general information on the rearing of insects 
and mites with specific details for mass rearing of 
50+ common species; marking insects; collecting, 
killing and preserving immature stages and adults; 
some common killing, fixing, clearing, staining and 
mounting fluids or media; suggestions for drawings 
and miscellaneous notes. 

This handbook is of special interest to students 
and teachers. It is a useful guide for courses or sub- 
ject matter dealing with or presenting techniques. 
Investigators, especially beginners or others who are 
starting new projects, will find much helpful infor- 
mation throughout the volume. Also a close exami- 
nation of the contents may suggest new ideas to sea- 
soned research workers. 

F.W.P. 


APHips OF THE Rocky Mountain Reaion, by Mir- 
iam A. Palmer. The Thomas Say Foundation, Vol. 
5, 1953. A. B. Hirschfeld Press, Denver, 6X9 
inches, 452 pp. 455 figures plus 8 colored plates. 
$10.25. 


No aphidologist in North America could well get 
along without this volume. Entomologists generally 
will find it to be their most up to date and useful ref- 
erence. This study primarily includes Colorado and 
Utah, southern Wyoming, southeastern and south- 
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ern central Idaho and northern New Mexico. How- 


ever, this study includes keys to most of the eco- 
nomic species of aphids known to occur in North 
America. The general entomologist, as well as the 
beginner, will find the figures and discussions dealing 
with the family, and the distinguishing characters 
used for recognition, to be clearly shown and con- 
cisely explained. The general aphid life cycle and 
characteristic life history are brought out. Collecting 
and shipping methods are given. Excellent keys have 
been prepared. These permit separation of the nearly 
460 species from family to subfamily, tribe, genus 
and species. In addition to the general keys in the 
body of the text, 23 pages of additional keys are 
given to the species of aphids commonly infesting 
economic plants of the region. These keys will be 
found to constitute a great convenience. Each key 
deals with a specific host or hosts. The aphids of the 
region all are listed under host plant. This listing is 
the first to include a large number of species de- 
scribed since 1935, up to which time the (1938) 
Patch “Food-Plant Catalogue of the Aphids of the 
World” reports. In excellent figures, Professor Palm- 
er clearly sets forth the taxonomic characters of 
the various species of aphids recorded from the re- 
gion up to 1950, from both introduced and native 
host plants. The figures are a part of the carefully 
prepared description which is given, plus life bistory 
notes, for each species. The plan of classification fol- 
lowed is largely that of A. C. Baker (1920). A con- 
servative attitude is shown with regard the status of 
species doubtfully distinct, where insufficient speci- 
mens and inadequate biological data are available to 
justify reliable conclusions as to synonomy. In cer- 
tain cases, additional collections may suggest the 
need for combining certain species, or further mate- 
tial may indicate more distinct differences than now 
are evident. The present volume is a substantial en- 
largement, both as to species considered and geo- 
graphical area involved, over “The Aphidae of Colo- 
rado” by Gillette & Palmer, thet hree parts of which 
were published in 1931, 1982 and 1934, containing 
333 species. Professor Palmer had worked with aph- 
ids of this region for 40 years, when this volume was 
completed in 1952. For 27 years she worked on the 
ploject with Dr. C. P. Gillette. She then conducted 
the project independently for the next 13 years. This 
new work includes more than 100 additional species, 


enlarged and improved keys, many additional fig-” 


ures, and the nomenclature has been brought down 
to date. Anyone interested in the study of aphids, or 
faced with the need to recognize economically injuri- 
ous or virus-vector species, would do well to have ac- 
cess to a copy of this new and excellent book. 

G. F. KNowiton 


PresticipE HanpBook—1953, by Donald E. H. 
Frear, College Science Publishers, State College, 
Pa. 5th ed., 204 pp. $1.25. 


The fifth (1953) edition of Frear’s Pesticide Hand- 
book lists in Section I the trade names of 5,017 prod- 
ucts as compared to 4,360 in the fourth edition. The 
active ingredients of each product are given. 

In Section IT, all products are listed according to 
uses and active ingredients, such as adjuvants, ani- 
mal repellents, diluents, fungicides (dusts and 
sprays), herbicides, insecticides (aerosols, animal 
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dips, baits, concentrates for manufacturing, dusts, 
fumigants, motbproofing materials, screw worm 
smears, sprays, paints and polishes), pesticide equip- 
ment, plant hormones, rodenticides, seed treatments 
and wood preservatives. 

Section III contains a list of commercial pest con- 
tral operators arranged alphabetically by state. 

In Section IV all manufacturers are listed alpha- 
betically with reference, by number, to their prod- 
ucts in Section I. 

Information is presented on antidotes for poisons, 
types of pesticides and general uses, compatibilities 
and hazards of the common pesticides, rates of ap- 
plication and miscellaneous measures. 

No other pulbication gives as much information 
on trademarked pesticides. Frear’s pesticide hand- 
book is indispensable to the economic entomologist, 
plant pathologist and pest control operator seeking to 
control injurious insects, fungi, weeds and rodents 
with chemicals. 

R. C. Roark 


Tue Nature or Virus MuttIPuicaTion, edited by 
Sir Paul Fildes and W. E. VanHeyningen. 320 
pages. Cambridge University Press. 32 East 57th 
St., New York 22, N. Y. (1953). $6.50. 


The papers presented in this book were originally 
given as a symposium sponsored by the Society for 
General Microbiology at Oxford, England 1952. The 
contributors and subject matter include: Chantrenne 
Problems of protein synthesis; Bowden and Pirie, 
Virus multiplication as a form of protein synthesis; 
Bauer, Metabolic aspects of virus multiplication; 
Luria, An analysis of bacteriophage multiplication; 
Boyd, The role of mutation in the survival and mul- 
tiplication of bacterial viruses; Lwoff, The nature of 
phage reproduction; Latarjet, The multiplication of 
bacterial viruses studied by radio-biological meth- 
ods; Fildes, Kay and Soklik, Divalent metals in 
phage production; Gard, Aspects of formation of in- 
complete virus; Hoyle, The multiplication of the in- 
fluenza virus considered in relation to the general 
problem of biological multiplication; Fleweit, 
Growth of viruses of the influenza group as revealed 
by electron microscopy of infected cells; Fulton, The 
argument for a venerable hypothesis of virus multi- 
plication; Bergold, The multiplication of insect 
viruses; Carr, The multiplication of fowl tumour 
viruses; Sanders, Possible multiplication cycles in 
neurotropic viruses. 

Each paper is very well documented particularly 
with recent work and after each a discussion is in- 
cluded whereby other members of the symposium 
discuss merits of the material presented. Most pa- 
pers contain tables and graphs and some are very 
well illustrated by photographs. The authors’ con- 
cepts are based on experimental data, but there also 
has been an attempt to correlate information from 
one area into another and look ahead at the total 
problem. This is useful because in some fields the na- 
ture of virus synthesis has become clearer than in 
others. Present concepts and possible theoretical al- 
ternatives are well presented. This is a very useful 
book for one to gain a challenging overall perspective 
of virus multiplication based on present knowledge. 

Joun R. Keuier 








CLASSIFIED 


Advertisements of commodities for sale or ex- 
change or of services will be entered at 50 cents 
per issue or $2.50 per year. Advertisements re- 
questing information for use in publications will 


be charged at the rate of $1 per advertisement to 
run as long as space permits. Send notices and 
cash in advance to Ernest N. Cory, College Park, 
Md., by the 15th of the month preceding publication. 





FOR SALE: Journal of Economic Entomology, 
six (6) complete volumes 38 (1945) to Vol. 43 
(1950) inclusive @ $3.00 per volume; eight (8) 
single numbers, Vol. 44, #1; Vol. 43, #1, 3, 4, 
5, 6; Vol. 41, #3; Vol. 33, #2, @ .50¢ per 
single copy. H. Eldon Scott, Specialist in En- 
tomology, Extension Service, State College Sta- 
tion, Raleigh, North Carolina. 





SITUATION WANTED: Entomologist with M.S. 
degree. Four years Agricultural Pest Control 
experience with national food processing com- 
pany. Interested in  research-extension type 
work, preferably in East. Married veteran, ref- 
erences on request. Reply to Box C, Entomo- 
logical Society of America, University of Mary- 
land, College Park, Maryland. 





SITUATION WANTED—Teacher desires position 
in sales or contact work with reliable firm. Back- 


ground—B.S. University of Massachusetts in 
Entomology and General Agriculture 1948, four 
summer sessions Cornell University, five years 


teaching experience vocational agriculture, Mar- 4 


ried, veteran, excellent references. Robert H. 
Clorite, Reservoir Road, Highland, New York. 
Phone: Highland 4387. 





POSITION WANTED: by economic and medical 
entomologist (recent Ph.D.) with fifteen years 
experience in practical economic and public 
health entomology and field research. Desires 
position teaching and/or experiment station 
work. Please correspond care of Box A, Ameri- 
can Association of Economic Entomology, Col- 
lege Park, Maryland. 


PICTURES AND PHOTOGRAPHIC SERVICES 
AVAILABLE. Color sound 26 minute movie 
“Garden Insects.” Color silent movie “Fruit In- 
sects” without titles. Wide selection of color 
slides. 8 x 10 black and white pictures for ad- 
vertising or editorial use. Insect movies a spe- 
cialty. Let me know your needs. Lee Jenkins, 
Entomologist, Polo, Missouri. 





MANAGERS WANTED—World’s largest pest 
control firm needs several high-caliber men for 
responsible positions. Must have initiative, good 
judgment, the ability to work and deal with 
people, and should be personally ambitious. Ex- 
perience in professions related to pest control 
helpful. Liberal salary and incentive arrange- 
ments provide excellent opportunities with pro- 
gressive and well-established firm. Employee 
benefits include paid vacation, sick leave, life 
insurance, hospitalization, and pension plan. 
Training programs for our future managers and 
other supervisory positions also open to college 
graduates. All replies confidential. Contact Tech- 
nical Department, Orkin Exterminating Com- 
pany, Inc., 713 W. Peachtree Street, N.E., At- 
lanta, Georgia. 





FOR SALE. “Unbidden House Guests” 540 pages, 
400 pictures, close-out $5.30 Prepaid. Send check 
to Hartnack Publishing Co. Post Office Box 668, 
Tacoma, Washington. 








POSITION WANTED—by entomologist. Ph.D. 
Biochemistry minor. Many years teaching and 
research experience. Publications. Desires aca- 
demic appointment with teaching and research. 
Prefer Middle West. Major research interests are 
insect. toxicology and radioactive tracer work. 
Now located at a Western College, available 
after December. Please correspond care of Box 
B, American Association of Economic Ento- 
mologists, College Park, Maryland. 








